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Midterm  Report 

This  is  the  midterm  report  submitted  under  contract  DAMD1 7-91-0-1 100.  Research  on  the  contract 
which  began  June  30,  1991  is  a  continuation  of  research  previously  carried  out  under  contract  DAMD17- 
85-C-5212. 

During  the  eighteen  months  represented  by  this  midterm  report  our  research  concentrated  largely 
on  (i)  physical  and  genetic  analysis  of  the  8.  anthracis  toxin  plasmid  pX01;  and  (ii)  physical  and  genetic 
analysis  of  the  B.  anthracis  capsule  plasmid  pX02.  A  very  small  proportion  of  our  effort  was  also  directed 
toward  development  of  the  bacteriophage  TP-21  as  a  vector  for  transposon  mutagenesis. 

In  this  report  our  main  efforts  for  the  past  eighteen  months  are  described  and  discussed  following 
a  general  description  of  materials  and  methods.  Specific  procedures  which  themselves  are  results  of  the 
research  are  described  as  appropriate  under  individual  sections. 

Materials  and  Methods 


Organisms.  Table  1  lists  the  bacterial  strains  and  plasmids  referred  to  in  this  report. 

Media.  For  convenience  to  the  reader,  compositions  of  the  various  culture  media  referred  to  in 
this  report  are  given  below.  All  amounts  are  for  one  liter  final  volume.  For  preparation  of  solid  medium,  15 
grams  of  agar  (Difco)  were  added  per  liter  of  the  corresponding  broth. 

NBY  broth:  Nutrient  broth  (Difco),  8  g;  Yeast  extract  (Difco),  3  g. 

Phage  assay  (PA)  broth:  Nutrient  broth  (Difco),  8  g;  NaCI,  5  g;  MgS0^.7H20,  0.2  g;  MnSO^.HgO,  0.05 
g;  CaCl2.2H20,  0.15  g.  The  pH  was  adjusted  to  6.0  with  HCI. 

Phage  assay  agar;  For  bottom  agar.  15  g  of  agar  were  added  per  liter  of  phage  assay  broth.  For  soft 
agar,  0.6  g  of  agar  were  added  per  liter. 

L  broth:  Tryptone  (Difco),  10  g;  Yeast  extract  (Difco),  5  g;  NaCI.  10  g.  The  pH  was  adjusted  to  7,0  with 
NaOH. 

LPA  agar:  L  agar  containing  the  salts  of  PA  broth. 

LPACOg  agar:  LPA  agar  with  5  g  of  NaHCOg. 

LG  broth:  L  broth  with  1  g  of  glucose. 

BHI  broth:  Brain  heart  infusion  broth  (Difco).  37  g. 

Peptone  diluent:  Peptone  (Difco),  10  g.  Used  for  diluting  phage  and  bacterial  cells. 

Minimal  I;  (NH^jgSO^,  2  g;  KHgPO^.  6  g;  KgHPO^,  14  g;  sodium  citrate,  I  g;  glucose,  5  g;  L-glutamic 
acid,  2  g,  MgS04,7H20,  200  mg;  FeCi2.6H20,  40  mg;  MnSO^.HgO,  0.25  mg.  The  pH  was 
adjusted  to  7.0  with  NaOH.  The  glucose  and  FeClg  were  sterilized  separateiy. 


Minimal  IB:  The  basal  medium  is  the  same  as  Minimal  I  except  that  FeSO^  {14  mg)  is  substituted  for 
FeClg  and  MnS0^'H2O  is  increased  to  12.5  mg.  The  following  are  added:  thiamine 
hydrochloride,  10  /rg;  and  160/ig  each  of  L-methionine,  L-leucine,  L-valine,  Lalanine,  L-serine, 
L-threonine,  L-proiine,  and  Lphenylalanine. 

Minimal  1C:  Minimal  I  with  5  g  of  vitamin-free  Casamino  acids  (Difco)  and  10  mg  of  thiamine 
hydrochloride. 

Minimal  XO:  To  Minimal  1  are  added  10  mg  of  thiamine  hydrochloride,  200  mg  of  glycine,  and  40  mg 
of  L-methionine,  L-serine,  L-threonine.  and  L-proline. 

CA  broth  is  the  Casamino  acids  medium  as  described  by  Thorne  and  Belton  (20). 

CA-agarose  medium:  CA-agarose  medium  for  the  detection  of  colonies  producing  protective  antigen 
was  prepared  as  follows:  0.75  g  of  agarose  was  added  to  100  ml  of  CA  broth,  prepared  as 
described  by  Thorne  and  Belton  (20),  and  the  mixture  was  steamed  until  the  agarose  was 
dissolved.  When  the  medium  cooled  to  about  50°  C.  1  ml  of  20%  glucose.  8  ml  of  9%  NaHCOg, 
6  ml  of  goat  antiserum  to  S.  anthracis  and  10  ml  of  horse  serum  were  added.  The  medium  was 
dispensed  in  petri  plates  (13  mi  per  plate)  and  the  plates  were  left  with  their  lids  ajar  while  the 
agarose  solidified.  The  plates  were  usable  after  1  hr. 

Quantitative  determination  of  PA,  LF.  and  EF.  In  some  instances,  the  culture  filtrates  were 
concentrated  2-  to  40-fold  by  ultrafiltration  in  Centricon  30  microconcentrator  units  (Amicon,  Beverly,  MA). 
The  amount  of  PA  and  LF  in  the  sample  filtrates  were  determined  by  a  radial  immunodiffuston  assay.  The 
radial  immunodiffusion  agarose  medium  consisted  of  1%  Seakem  GTG  agarose  (FMC  BioProducts, 
Rockland,  ME),  2%  polyethylene  glycol  8000,  3%  fetal  bovine  serum,  20  mM  HEPES  (pH  7.5),  0,15  M  NaCI, 
2  mM  EDTA,  0.025%  sodium  azide,  and  either  0,5%  goat  antiserum  to  PA  or  0.7%  rabbit  antiserum  to  LF 
(supplied  by  S.  Leppla).  A  well  approx.  2.5  mm  in  diameter  was  cut  into  the  agarose  medium  and  8  fi\  of 
the  filtrate  was  added  to  each  well.  Each  plate  included  a  set  of  standards  containing  5  to  50  /zg  of 
purified  PA  or  LF  (supplied  by  S.  Leppla)  per  ml.  The  diameter  of  the  precipitin  ring  was  measured  and 
the  data  were  compared  to  a  standard  curve. 

EF  in  the  culture  filtrates  was  determined  by  an  adenylate  cyclase  assay  according  to  a  method 
described  by  Leppla  (6).  A  set  of  standards  containing  0.05  to  1  ;rg  of  purified  EF  (supplied  by  S.  Leppla) 
per  ml  was  included  in  each  assay.  Briefly,  approx.  10  ,«l  of  sample  filtrate  or  purified  EF  standard  were 
mbced  with  40  pi\  of  a  reaction  mixture  containing  50  mM  HEPES  (pH  7.5),  12.5  mM  MgCl2,  2.5  mM 
dithiothreitol,  1.25  mM  CaClg,  1.25  mM  EDTA.  1.25  mM  ATP,  0.25  mM  cyclic  AMP.  2.5  mg  of  bovine  serum 
albumin,  fraction  V  per  ml,  25  /rg  of  calmodulin  (Sigma  Chemical  Co.,  St.  Louis,  MO)  per  ml,  and  1 .25  /<Ci 

Op 

of  a-  P-ATP  per  ml.  The  reactions  were  incubated  for  10  min.  at  room  temperature.  The  reactions  were 
stopped  by  ^ding  100  of  a  stopping  solution  containing  1%  SDS,  50  mM  ATP.  and  1.25  mM  cyclic 
AMP.  Approx.  1  ml  of  distilled  water  was  added  to  each  tube. 
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The  raJiotedjellecI  cyclic  AMP  product  was  separated  from  the  nonreacted  radblabeiled  ATP  reactant 
by  sequential  chromatography  on  cation  exchange  and  aluminum  oxide  (Alumina)  columns.  The  reaction 
mixtures  were  poured  over  Dowex  AG  50W'X4  (200-400  mesh)  columns  that  had  been  washed  prevbusly 
with  2  X  8  mi  of  distilled  water.  When  the  mixtures  had  drained  into  the  columns,  the  columns  were 
washed  twice  with  1.5  ml  of  distilled  water  to  elute  the  nonreacted  radblabeiled  ATP.  Any  radblabeiled 
material  left  on  the  column  was  eluted  with  5  mi  of  distilled  water  directly  onto  neutral  Alumina  WN-3 
columns  which  had  been  washed  prevbusly  with  8  ml  of  0.1  M  Imidazole  (pH  7.3).  Once  the  effluent  from 
the  Dowex  50  columns  had  drained  into  the  Alumina  columns,  the  radblabeiled  cyclic  AMP  was  eluted 
vrith  6  ml  of  0.1  M  Imidazole  (pH  7.3)  directly  into  7-ml  scintillation  vials.  The  sample  effluents  were  then 
counted  in  a  Beckman  LS5000  TO  scintillation  counter.  The  Dowex  50  columns  were  recycled  by  washing 
them  twice  with  2  mi  of  1  M  HCI  and  the  Alumina  columns  were  recycled  by  washing  them  with  3  ml  of  0.1 
M  Imidazole  (pH  7.3).  The  data  obtained  for  the  culture  filtrates  was  compared  to  a  standard  curve 
prepared  for  purified  EF. 

Transfer  of  DNA  to  nylon  membranes.  DNA  electrophoresed  on  an  agarose  gel  was  transferred  to 
a  Magnagraph  nylon  membrane  (Micron  Separations  Inc.,  Westboro.  MA)  using  a  modified  method  of  that 
described  by  Boehringer  Mannheim  Corp.  (Technical  Update  (Nov.  1990),  Indianapolis,  IN).  The  DNA  in 
the  gel  was  acb  nicked  by  incubation  in  0.25  N  HCI  for  10  to  15  min.  The  gel  was  rinsed  in  distilled  water 
and  placed  in  0.5  N  NaOH-1.5  M  NaCI  for  30  min.  with  gentle  agitation  to  denature  the  DNA.  The  gel  was 
then  neutralized  in  1.5  M  NaCH.O  M  Tris-HCI  (pH  8.0)  for  1  h  with  gentle  agitatbn.  The  DNA  was  blotted 
from  the  neutralized  gel  onto  a  Magnagraph  nylon  membrane  by  capillary  transfer  using  10X  SSC  for  12  to 
16  h.  After  the  transfer,  the  membrane  was  gently  washed  in  6X  SSC  for  5  min.,  air  dried  for  1  h,  and  then 
baked  at  80°C  in  a  vacuum  oven  for  1  to  2  h.  The  membrane  was  either  used  immediately  for 
hybrbizatbn  or  stored  in  a  dry  place  for  use  later. 

Labelling  probe  DNA  with  digoxygenin-11-dUTP.  Digoxygenin-1 1-dUTP  was  incorporated  into  the 
probe  DNA  by  random  primer  labelling  according  to  a  method  described  for  nonradioactive  labelling  of 
DNA  by  Boehringer  Mannheim  Corp.  (Indianapolis,  IN).  The  hexanucleotide  mixture,  digoxygenin  DNA 
labelling  mixture,  and  the  Klenow  fragment  were  purchased  from  Boehringer  Mannheim  Corp.  The 
reaction  was  carried  out  in  a  final  volume  of  50  ^1  in  a  1.5-ml  microcentrifuge  tube.  The  probe  DNA  was 
denatured  by  placing  the  DNA  solution  in  a  boiling  water  bath  for  10  min.  and  then  quickly  chilling  the 
solution  for  3  min.  in  an  ice/ethanol  bath.  Each  reaction  mixture  contained  approx.  1  to  3  ;^g  of  denatured 
DNA,  5  /it  of  hexanucleotide  mixture,  5  /il  of  digoxygenin  DNA  labelling  mixture,  and  enough  sterile  distilled 
water  to  bring  the  volume  to  47.5  fil.  DNA  synthesis  was  started  by  adding  2.5  //I  of  Klenow  fragment.  The 
reactants  were  gently  mixed  and  placed  in  a  37°C  water  bath  for  16  to  20  h. 
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To  terminate  the  reaction,  5  of  0.2  M  disodium  EDTA  {pH  8.0)  was  added  to  the  reaction  mixture, 
The  labeled  ONA  was  precipitated  with  1  of  a  glycogen  solution  (20  mg/ml),  one-tenth  volume  of  4  M 
LiCI,  and  3  volumes  of  100%  ethanol.  The  precipitation  was  carried  out  for  4  to  6  h  at  -20®C.  The  labeled 
DMA  was  collected  by  centrifugatbn  and  the  DNA  pellet  was  washed  once  with  70%  ethane^.  A  dry  ONA 
pellet  was  then  resuspended  in  50  /rl  of  TE  (10  mM  Tris-HCI,  1  mM  disodium  EDTA,  pH  7  to  8)  containing 
0.1%  SOS  for  10  min.  at  37°C.  Prior  to  hybridization,  the  digoxygenin-labelled  DNA  probe  was  denatured 
in  prehybridization  solution  by  heating  in  a  boiling  water  bath  for  10  min.  and  chilling  the  mixture  quickly  in 
an  ice/ethanol  bath  for  3  min. 

DNA-ONA  hybridization.  DNA-DNA  hybridizations  were  done  according  to  a  method  described  by 
Boehringer  Mannheim  Corp.  for  nonradioactive  DNA  labelling  and  detection.  The  Magnagrs^h  nylon 
membrane  containing  the  immobilized  DNA  was  prehybridized  in  a  sealed  plastic  bag  at  68°C  for  1  to  3  h 
in  20  ml  of  freshly  prepared  5X  SSC  solution  containing  0.1%  (w/v)  sodium  N-lauroylsarcosine,  0.02%  (w/v) 
SDS,  and  1%  (w/v)  Genius  blocking  reagent  (Boehringer  Mannheim)  per  100  cm^  of  membrane.  After 
prehybridization,  the  solution  covering  the  membrane  was  replaced  with  2.5  ml  of  prehybridization  solution 
containing  250  ng  to  1  /<g  of  denatured  digoxygenin-labelled  DNA  probe  per  100  cm^  of  membrane.  The 
bag  was  sealed  and  the  hybridization  was  continued  at  68*^C  for  16  to  24  h. 

The  membrane  was  removed  from  the  hybridization  solution,  washed  twice  in  2X  SSC  containing 
0.1%  SDS  for  5  min.  at  room  temperature,  and  washed  twice  in  0.1X  SSC  containing  0.1%  SDS  for  15  min. 
at  68°C  with  gentle  shaking.  The  hybridized  DNA  probe  was  detected  on  the  membrane  by 
chemiluminescence. 

Chemiluminescent  detection  of  hybridized  DNA.  The  method  for  detecting  the  hybridized  DNA 
probe  with  Lumi-Phos  530  solution  was  described  by  Boehringer  Mannheim  Corp,  After  post-hybridization 
washes,  the  membrane  was  equilibrated  for  1  min.  in  Buffer  A  (100  mM  Tris-HCI,  150  mM  NaCI.  pH  7.5). 
The  membrane  was  transferred  to  Buffer  B  (Buffer  A  containing  2%  (w/v)  Genius  blocking  reagent)  for  3  h 
with  gentle  shaking.  The  membrane  was  then  transferred  to  30  mi  of  a  1  to  5000  dilution  of  an  anti- 
digoxygenin  alkaline  phosphatase  antibody  conjugate  (diluted  in  Buffer  B)  per  100  cm^  of  membrane.  The 
membrane  was  incubated  in  this  solution  for  30  min.  with  gentle  shaking.  After  the  30-min.  incubation,  the 
membrane  was  washed  two  times  for  15  min.  in  Buffer  A  and  then  equilibrated  for  2  min.  in  Buffer  C  (100 
mM  Tris-HCl.  100  mM  NaCI,  50  mM  MgClg,  pH  9.5).  Finally,  the  membrane  was  placed  on  a  clean  sheet 
of  acetate  film  with  DNA  side  up  and  2  to  3  mi  of  Lumi-Phos  530  (Boehringer  Mannheim  Corp.)  was  placed 
directly  onto  the  membrane.  A  second  sheet  of  acetate  film  was  placed  on  top  of  the  filter  to  spread  the 
solution  evenly  over  the  membrane.  The  reaction  was  allowed  to  proceed  for  15  to  30  min.  before  the 
membrane  (placed  in  a  sealed  bag)  was  exposed  to  X-ray  film  (Kodak  XAR  film).  The  membrane  was 
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exposed  to  the  X-ray  fllnn  for  1  to  30  rrtirj.  and  the  X-ray  film  was  developed  aN:xx>rding  the  instructions 
provided  by  the  manufacturer. 

isolation  of  pBiu«scriptilKS-<>.  The  pBluescriptilKS-f  was  »oi^ed  frcxm  E.  coli 
DHSa(pBluescriptl!KS+)  by  a  modlTication  of  a  boiling  lysis  method  (9).  Twelve  mi  of  an  overnight  culture 
of  E.  coti  0H5a(p6iuescrfptlii^+}  grown  in  L  broth  containing  100  ampiciitin  per  ml  was  centrifuged 
at  10.000  rpm  for  10  min.  The  pellet  was  resuspended  in  0.7  mi  of  8%  sucrose/5%  triton  X-100/50  mM 
S)TA/50  mM  Tris-HCI  {pH  8)  and  the  suspension  was  transferred  to  a  1.5-ml  microcentrifuge  tube.  Fifty  j«t 
of  a  freshly  prepared  10  mg/mi  solution  of  lysozyme  in  0.25  M  Tris-HCI  (pH  8)  was  added  to  the  ceil 
suspension  and  the  mixture  was  placed  in  a  boiiing  w^er  bath  for  1  min.  The  lysed  mixture  was 
centrifuged  for  15  min.  st.  room  temperature  and  the  ceil  debris  was  removed  with  a  sterile  toi^pick.  Ten 
^1  erf  a  RNAse  solution  (10  mg/ml)  was  added  to  the  supernatant  and  placed  at  37°C  for  15  min.  An  equal 
volume  of  a  1:1  mixture  of  phenol-chloroform  was  added  to  the  tube  and  gently  mixed.  The  mixture  vras 
centrifuged  to  separate  the  phases.  The  aqueous  layer  was  transferred  to  a  fresh  tube  arxi  the  phenoT 
chlorcrform  extraetbn  was  repeated  until  no  white  internee  was  detected  (usually  4  to  7  extractions).  The 
final  extraction  was  with  an  equal  volume  of  24;  1  chloroform-isoamyi  alcohol  mixture. 

The  DMA  was  precipitated  with  0.15  volume  dt  7.5  M  ammonium  acetate  and  an  equal  volume  of 
cold  isopropanol.  The  DMA  was  allowed  to  precipitate  at  -20°C  for  20  min.  The  precipitated  DNA  was 
then  recovered  by  centrifugation  in  a  refrigerated  microcentrifuge  at  13.000  rpm  for  30  min.  The  pellet  was 
washed  with  1  ml  of  cold  70%  ethanol.  The  DNA  was  then  allowed  to  air  dry  for  1  h  and  resuspended  in 
100 of  TE  (10  mM  Tris-HCI.  1  mM  EDTA.  pH  8.0). 

Preparation  of  vector  for  ligation.  Approximately  20  fig  of  plasmid  DNA  was  digested  to 
completion  with  an  excess  amount  of  restriction  endonuclease.  The  DNA  was  precipitated  overnight  at  - 
20°C  wfth  one-tenth  volume  of  3  M  sodium  acetate  (pH  5,2)  and  2  volumes  of  95%  ethanol.  The  DNA  was 
collected  by  centrifugation  in  a  refrigerated  microcentrifuge  at  13,000  rpm  for  30  min.  and  washed  with  1 
mi  of  cold  70%  ethanol.  The  pellet  was  allowed  to  air  dry  and  then  resuspended  in  50  //i  of  TE  (pH  8). 
Twenty  fi\  was  frozen  at  -20^0  for  use  as  a  control  in  the  ligation  reactions. 

The  remaining  DNA  was  treated  with  caff-intestine  alkaline  phosphatase  (Promega  Corp.,  Madison, 
Wl)  according  to  rrianufacturer's  instructions.  Briefly,  the  volume  of  the  DNA  suspension  was  brought  to  40 
/A  with  TE  (pH  8).  Five/<l  of  a  10X  reaction  buffer  containing  0.5  M  Tris-HCI,  pH  9,  10  mM  MgCl2.  1  mM 
ZnClg,  and  10  mM  spermidine  and  2  fi\  of  calf-intestine  alkaline  phosphatase  (CIAP)  were  added  to  the 
DNA  suspensbn.  The  mixture  was  placed  at  37°C  for  30  min.  Another  2  fi\  of  CIAP  was  added  to  the 
mixture  and  again  placed  at  37°C  for  30  min.  The  reaction  was  stopped  by  the  additbn  of  300  ^1  of  10 
mM  Tris-HCI,  pH  7.5/1  mM  EDTA,  pH  7,5/200  mM  NaCI/0.5%  SDS.  The  mixture  was  placed  at  60°C  for  15 
min.  The  DNA  was  then  extracted  with  phenol-chloroform  and  the  aqueous  phase  was  precipitated  with 


0.5  volume  d  7.5  M  ammonium  acetate  and  2  volumes  oi  95%  ethanol.  The  precipitated  DNA  was 
ostlect^  by  centrifugation,  allowed  to  air  dry,  and  ftnaily  resuspended  in  a  total  volurr^  of  50  ;<i  TE  (pH  8). 

Etaition  of  ONA  fragments.  Restriction  fragments  were  isolated  by  agarose  get  eiecfrophoresis  and 
the  elution  of  the  fragments  was  carried  out  using  an  Elutrap  eiectroseparstion  chamber  acrxirding  to  the 
manufacturer’s  instructions  (Schleicher  and  Schuelt,  Inc.,  Keene,  NH).  The  elution  was  run  at  200  V  for  2 
to  3  h  and  the  DNA  was  collected  in  400  to  500  /<!  of  IX  Trb^borate  buffer.  The  DNA  was  then  precipit^ed 
with  one*tenih  volume  of  3  M  sodium  acetate  (pH  5.2)  and  2  volumes  c#  100%  ethanol.  The  DNA  was 
collected  by  centrifugation  in  a  microcentrifuge  at  4°C  for  30  min.  The  DNA  pellet  was  dried  for  30  min,  sA 
room  temperature  and  resuspended  in  50  ui  of  TE. 

Ligatimi  reactions.  Ligation  reactions  were  carried  out  according  to  methods  described  by 
Sambrook  et.  ai.  (15).  Vector  and  insert  DNA  were  mixed  at  a  molar  ratio  of  1 :3  in  a  total  volume  10  to 
20  ;<l.  Control  ligations  included  digested  vector  alone  to  determine  if  the  ligatbn  was  successful  and 
ClAP-treated  digested  vector  alone  to  determine  if  the  CIAP  treatment  had  reduced  vector  religattons.  The 
concentrations  erf  the  DNA  used  in  the  control  ligations  were  the  same  as  that  used  for  the  vector  in  the 
vectof/insert  ligation  mixture.  The  mixtures  were  heated  to  65*^C  for  5  min.  and  chilled  on  ice  for  5  min.  to 
melt  any  reannealled  ends.  A  one-tenth  volume  of  the  10X  reaction  buffer  containing  300  mM  Tris-HCI,  pH 
7.8/100  mM  MgCl2/100  mM  DTT/10  mM  ATP  and  3  weiss  units  of  T4  DNA  ligase  (Promega  Corp., 

Madison,  Wl)  were  aided  to  each  tube.  The  mixture  was  ligated  overnight  at  room  temperature.  The 
following  day  an  additional  1  weiss  unit  of  ligase  was  added  to  each  tube  and  the  mixture  was  allowed  to 
continue  ligation  at  room  temperature.  The  ligation  mixture  was  precipitated  with  one-tenth  volume  of  3  M 
sodium  acetate  (pH  5.2)  and  2  volumes  of  100%  ethanol  and  dialyzed  against  TE  (pH  8)  for  use  in 
electroporation  of  electrocompetent  E.  coli  DH5a  cells  and  to  prevent  arcing  in  the  electroporation 
cuvettes. 

Transforrrtation  of  £.  coll.  The  ligation  mixtures  were  transformed  into  electrocompetent  cells  of  E. 
coli  DH5a  by  electroporation  using  a  GenePulser  apparatus  according  to  methods  and  instructbns 
provided  by  the  manufacturer  (Bio-Rad  Laboratories,  Richmond.  CA).  Briefly,  four  250-ml  flasks  of  L  broth 
were  inoculated  with  2.5  ml  of  an  overnight  culture  of  E.  coli  DH5ti.  The  cultures  were  grown  at  37°C  until 
an  OOqqq  of  0.5  to  0.7  was  reached.  The  flasks  were  chilled  for  15  min.  on  ice  and  the  calls  were 
harvested  by  centrifugation.  The  pellets  were  washed  one  time  in  1  liter  and  one  time  in  500  ml  of  cold 
sterile  distilled  water.  Finally,  the  pooled  pellet  was  washed  one  time  in  20  ml  of  cold  10%  glycerol.  The 
final  pellet  was  resuspended  in  200  fit  of  cold  10%  glycerol.  The  suspended  electrocompetent  cells  were 
dispensed  into  40  ul  samples.  To  each  sample  2  to  3  ,«i  of  the  precipitated/dialyzed  ligation  mixture  was 
added.  The  mixture  was  transferred  to  a  chilled  0.2-cm  electroporation  cuvette  and  pulsed  one  lime  ^  2.5 
kV,  25^FD,  and  200  ohm  resistance.  One  ml  of  SOC  medium  was  immediately  »jded  to  the  cuvette  and 
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the  cell  suspension  was  transferred  to  a  cotton-plugged  culture  tube.  The  cultures  were  incubated  at  37°C 
with  shaking  for  1  h.  The  cultures  were  plated  onto  L  agar  containing  100  of  ampicillin  per  ml  and 
which  had  been  spread  1  h  before  with  100  ft\  of  100  mM  isopropylthio-&-D-galaclosids  (IPTG)  and  40  ^1  of 
2%  5-bromo-4-chloro-3-indotyl-S-D-galactoside  (Xgal).  The  plates  were  incubated  at  37°C  for  16  to  20  h. 
The  blue  color  was  allowed  to  develop  further  at  room  temperature.  The  plasmids  from  the  white  Lac' 
cobnies  were  screened  for  possible  inserts. 

Results  and  Discussion 


I.  Physical  and  genetic  analysis  of  the  B.  anthracis  toxin  plasmid  pXOI. 

As  reported  previously  (17),  Weybridge  UM44  exhibited  different  plasmid-derived  phenotypic 
characteristics  from  those  observed  in  Weybridge  A  strains.  (It  should  be  recalled  that  the  Trp'  auxotroph, 
Weybridge  UM44,  was  isolated  from  the  “wild-type"  Weybridge  strain,  and  Weybridge  A  was  isolated  from 
"wild-type"  Weybridge  as  a  mutant  that  grew  much  better  than  the  parent  strain  on  a  minimal  medium, 
minimal  XO).  The  two  strains,  Weybridge  UM44  and  Weybridge  A  (and  auxotrophs  derived  from  the  latter) 
differed  in  rate  and  extent  of  sporulation  at  37°C,  phage  sensitivity,  and  growth  characteristics  on  minimal 
medium.  Howsver,  UM44-derived  strains  into  which  pX01;:Tn977  derivatives  from  UM23  were  introduced 
showed  characteristics  similar  to  those  typical  of  UM23.  No  apparent  differences  were  observed  in  SamHI 
restriction  patterns  of  pXOI  from  Weybridge  UM44  and  pXOI  from  Weybridge  A  UM23.  However,  there 
were  some  differences  in  the  Psfl  and  EcoRI  restriction  patterns  of  pXOI  from  the  two  strains.  Two  new 
fragments  were  observed  in  Psfl  digests  and  in  EcoRI  digests  of  pXOl  from  Weybridge  UM44  compared  to 
those  of  pXOI  from  Weybridge  A  UM23.  Because  of  differences  observed  in  the  toxin  plasmid  from  the 
two  strains,  we  have  suggested  that  the  plasmid  of  the  wild-type  Weybridge  strain  (and  that  from 
Weybridge  UM44)  be  designated  pXOI  and  the  one  from  Weybridge  A  strain  be  designated  pXOl.l.  In 
keeping  with  this  convention  the  toxin  plasmid  from  other  B.  anthracis  strains  should  be  designated 
pXOI. 2,  pXOl.3,  etc.,  as  they  are  characterized. 

Characterization  of  Tn9f7  insertion  mutants.  Transposon  mutagenesis  utilizing  pTVl  has  been 
used  previously  to  generate  Tn9r7  insertions  in  pXOI.1  from  B.  anthracis  Weybridge  A  UM23.  Phenotypic 
characterization  of  several  Tn917  insertion  mutants  and  the  locations  of  Tn977  within  pXOI.1  from  several 
of  these  mutants  have  been  described  previously  (3,  4.  17,  18).  During  the  period  covered  by  this  report 
more  insertion  mutants  have  been  characterized. 

As  shown  in  Fig.  1,  Tn9r7  inserted  into  a  number  of  different  sites  on  pXOI.1.  Construction  of  the 
restriction  map  of  pXOI.1  will  be  discussed  below.  Several  insertion  mutants  exhibited  characteristics 
similar  to  those  of  the  Weybridge  A  UM23  parent  strain  and  these  mutants  are  shown  in  Fig.  1  without  a 
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phenotypic  designation.  Mutant  tp28  exhibited  aiterations  in  its  sensitivity  to  bacterbphage  CP-51. 
Restriction  analysis  show/ed  that  ln917  inserted  in  the  6.&-kb  SamHI  fragment  of  pXOl.1.  Several  insertion 
mutants  and  the  deletants  shown  in  Fig.  1  exhibited  alterations  in  toxin  production.  Two  insertion 
mutations  appear  to  have  interrupted  genes  involved  in  regulatbn  of  toxin  synthesis.  The  mutants,  tp29, 
tp32,  and  tp62,  containing  these  insertion  mutations  as  well  as  other  insertion  mutants  and  deletants  have 
been  characterized  further. 

Table  2  lists  the  altered  fragments  of  plasmids  from  six  mutants  and  the  phenotypic  alterations 
exhibited  by  these  mutants.  Mutants  tp70,  tp73.  and  tp74  exhibited  deletions  of  approx.  16  kb  within  the 
toxin-encoding  region  of  pXOl.l.  Each  of  these  plasmids  was  missing  the  18.1-kb  and  e.O-kb  Psti 
fragments  and  the  34.8-kb.  13.9-kb  and  6.0-kb  SamHI  fragments;  however,  new  Pst\  and  SamHI  fragments 
were  observed  that  were  approx.  14.0  kb  and  44.2  kb  in  size,  respectively.  These  results  were  similar  to 
those  obtained  from  restriction  analysis  of  pXOl.1:;Tn977  from  tp21  (see  Fig.  1).  The  deletions  observed 
in  the  plasmids  from  tp21,  tp70,  and  tp73  (tp74  may  be  a  sibling  of  tp73)  appear  to  be  identical  even 
though  the  insertions  resulted  from  independent  transpositional  events.  This  evidence  suggested  that 
Tn917  insertions  in  particular  locations  of  the  toxin-encoding  region  of  pXOl.l  may  promote  deletions 
within  this  region. 

As  shown  in  Table  2,  TnSf7  insertion  in  pXOl.1  from  tp56  was  in  the  13.9-kb  SamHI  fragment.  This 
result  was  similar  to  that  observed  for  pXOl.1::Tn9t7  from  tp29  and  tp32,  both  of  which  are  deficient  in 
toxin  synthesis.  Mutants  tp32  and  tp56  were  isolated  from  the  same  transposon  mutagenesis  experiment 
which  suggested  that  they  may  be  siblings.  Tn977  insertion  in  the  plasmid  from  tp72  was  in  the  6.0-kb 
SamHI  fragment  and  the  6.0-kb  Psfl  fragment.  Mutant  tp68  which  appears  to  produce  PA  in  the  absence 
of  added  bicarbonate  contains  lr\917  within  the  34.8-kb  SamHI  fragment,  or  more  precisely,  in  the  6.6-kb 
Psfl  fragment.  Results  from  double  digestion  of  tfie  plasmids  from  tp72  and  tp68  (discussed  below) 
showed  that  Tr\917  inserted  within  pag  and  let,  respectively.  This  is  consistent  with  the  observation  that 
tp72  fails  to  produce  PA;  however,  further  characterization  of  tp68  will  be  necessary  to  determine  whether 
Tn9f7  insertion  in  the  /ef  gene  of  pXOl.1  from  this  mutant  is  responsible  for  its  altered  PA  phenotype. 

Location  and  orientation  of  Tn977  in  pXOl.l  from  various  insertion  mutants.  Tndf  7  insertions  in 
the  pXOl.1  derivatives  from  several  insertion  mutants  and  deletants  were  localized  first  by  restriction 
analysis  with  SamHI  and  Psfl.  Then  the  location  and  oric.ntation  of  Tn977  were  defined  more  precisely  in 
the  plasmid  derivatives  by  double  digestions  with  BamH\  and  Sail  (Table  3).  Sa/I  was  chosen  because  it 
cuts  pXOl.1  infrequently  and  it  cuts  Tn9t7  once.  The  Sa/I  restriction  site  in  Tn977  is  located  almost  in  the 
middle  of  the  transposon  (25).  When  pXOl.1:;Tn977  is  digested  with  SamHI  and  Sal\,  the  SamHI  fragment 
containing  Tn977  will  be  cleaved  into  two  fragments.  The  site  of  insertion  can  be  calculated  by  subtracting 
the  size  of  the  Sa/I  arm  of  Tn977  (2.6  kb)  from  the  altered  SamHI-Sa/l  fragments.  Tn977  insertions  in  the 
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SamHI  fragments  of  the  plasmids  from  tp2A,  tp21,  tp29.  tp32.  tp36,  tp39,  tp6a,  and  tp72  were  localized  to 
one  site  based  on  these  results  and  those  from  previous  restriction  analyses.  Tn977  insertions  in  pXOl.l 
from  tp20,  tp27,  tp40,  and  tp62  were  localized  to  one  of  two  regions  within  the  SamHI  fragment;  however, 
only  the  Tn977  insertion  site  in  the  plasmid  from  tp62  was  defined  further  by  restriction  analysis  of  the 
altered  BamHl~Sal\  fragments  (see  below). 

The  orientation  of  TnSfZ  within  the  altered  SamHI  fragments  could  be  determined  by  DNA-DNA 
hybridizattons  of  the  double-digested  plasmids  with  the  Aval  arms  of  Tr\917.  Aval  cleaves  Jn917  into  3 
fragments  approx.  2.2  kb,  1 .8  kb,  and  1 .2  kb  in  size.  The  2.2-kb  fragment  represents  one  end  of  the 
transposon  and  the  1 .8-kb  fragment  represents  the  other  end  of  the  transposon  which  encodes  the  arm 
gene.  These  two  Aval  fragments  of  Tn9t7  were  isolated,  labelled  with  digoxigenin-labelled  dUTP,  and 
hybridized  to  the  double-digested  plasmids  from  the  insertion  mutants  and  deietants  listed  above. 

The  location  and  orientation  of  Tn91 7  insertions  within  the  toxin-encoding  region  of  pXOl.1  from 
tp2A,  tp27,  tp29.  tp32.  tp36,  tp62,  tp  68,  and  tp72  are  shown  in  Fig.  2.  The  construction  of  the  restriction 
map  of  the  77-kb  linear  region  of  pXOl.1  is  described  below.  The  arrow  above  the  insertion  site  shows  the 
orientatton  of  Tn977  with  reference  to  the  direction  of  transcription  of  eim,  tnpR,  and  other  proposed  ORFs 
(13).  As  shown  in  Table  3.  four  insertion  mutations  within  the  region  of  pXOl.1  depicted  in  Fig.  2 
appeared  to  affect  toxin  production.  The  results  showing  the  tocations  of  Tn9f7  within  the  altered  34.8-kb 
SamHI  fragment  of  the  plasmids  from  tp2A,  tp36.  and  tp62  were  used  to  determine  the  order  of  the  Pst\ 
fragments  within  this  large  flamHI  fragment.  Finsdiy,  the  ends  of  the  deletions  in  the  plasmids  from  tp2l 
and  tp39  were  determined  from  the  locations  of  the  Tn9f  7  insertions  within  the  altered  BamHI  fragment. 

Analysis  of  the  plasmids  from  tp29  and  tp32  showed  that  Sail  cut  the  altered  13.9-kb  SamHI 
fragment  into  two  fragments,  approx.  15  kb  and  4.5  kb  in  size.  Based  on  calculations  from  this  data, 

Tn9r7  inserted  approx.  2  kb  within  the  13.9-kb  BamHI  fragment  of  pXOl.l.  The  EcoRI  restriction  profile  of 
the  plasmids  from  tp29  and  tp32  showed  that  Tn9f  7  inserted  into  an  8.0-kb  BcoRI  fragment.  DNA-DNA 
hybridization  analysis  of  digested  pXOI.1  with  radiolabelled  pSE42,  the  recombinant  plasmid  containing 
the  cloned  EF  structural  gene,  showed  that  pSE42  hybridized  to  the  7.4-kb  SamHI  fragment  and  the  8.0- 
kb,  3.1-kb,  and  1.1-kb  EcoRl  fragments  of  pXOI.1  (data  not  shown).  These  results  provided  evidence  that 
the  8.0-kb  EcoRl  fragment  links  the  13.9-kb  BamHI  fragment  with  the  7.4-kb  SamHI  fragment.  Thus,  the 
transposon  inserted  just  downstream  of  the  EF  structural  gene  and  2  kb  within  the  13.g-kb  SamHI  fragment 
(Fig.  2).  Hybridization  analysis  showed  that  the  orientation  of  Tn977  is  opposite  to  the  direction  of 
transcription  of  cya.  As  shown  in  Table  3,  tp29  and  tp32  are  deficient  in  production  of  the  toxin 
components.  Tn977  insertion  within  the  13.9-kb  BamHI  fragment  seemed  to  interrupt  a  gene  involved  in 
positive  regulation  of  toxin  synthesis.  A  2.0-kb  fragment  localized  to  this  region  of  the  SamHI  fragment  has 
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been  cbned  and  a  gene  designated  as  atxA  has  been  identified  whose  product  activates  toxin  synthesis 
(discussed  below). 

Analysis  of  the  plasmid  from  tp72  showed  that  Sa/I  cut  the  altered  6.0-kb  SamHI  fragment  into  two 
fragments  approx.  8.2  kb  and  3.2  kb  in  size.  Based  on  calculations  from  these  data  and  results  from 
previous  restriction  analyses,  Tndf  7  was  located  approx.  0.6  kb  within  the  6.0-kb  SamHI  fragment,  placing 
the  Insertion  within  the  3‘  end  of  the  PA  structural  gene.  DN.A-DNA  hybridization  analysis  showed  that  the 
direction  of  transcription  of  Tn977  is  the  same  as  that  reported  for  pag.  These  results  provided  evidence 
that  the  PA'*’^*  phenotype  observed  for  tp72  resulted  from  insertion  of  the  transposon  into  the  pag  gene. 

Mutant  tp6S  was  of  interest  because  it  produced  a  halo  on  CA  haloimmunoassay  plates  both  in  the 
presence  and  absence  of  added  bicarbonate  and  CO2,  suggesting  that  it  could  produce  toxin  when  grown 
under  either  condition.  Tn977  was  calculated  to  have  inserted  5.1  kb  within  the  34.8-kb  SamHI  fragment  or 
approx.  0.5  kb  within  the  6.6-kb  Psti  fragment  of  the  plasmid  from  tp68.  These  results  suggested  that  the 
transposon  inserted  into  the  5'  end  of  the  UP  structural  gene  (Fig.  2).  Further  characterization  of  tp68  will 
be  necessary  to  determine  whether  Tn977  insertion  in  the  LF  structural  gene  is  responsible  for  its  altered 
toxin  phenotype. 

Tp62  produces  PA  and  LF  in  the  absence  of  added  bicarbonate  and  it  overproduces  both  proteins 
when  bicarbonate  is  added  to  the  medium  (4).  SamHI-Sa/l  restriction  analysis  of  the  plasmid  from  this 
mutant  showed  that  Sa/I  cut  the  altered  34.8-kb  SamHI  fragment  into  a  24-kb  and  15-kb  fragment.  To 
determine  the  site  of  insertion,  the  15-kb  fiamHI-Sa/l  fragment  was  eluted  and  digested  with  Pstt.  P$M  out 
the  IS-kb  fragment  into  three  fragments,  6.6  kb,  4.7  kb,  and  3.4  kb  in  size,  and  correspond  to  the  6.6-kb, 
6.0-kb,  and  9.3-kb  Psfl  fragments  of  the  34.8-kb  SamHI  fragment,  respectively.  The  34.8-kb  SamHI 
fragment  hybridized  to  the  9.3-kb,  6.6-kb,  6.3-kb,  6.0-kb,  and  5.2-kb  Psfl  fragments.  Based  on  results  from 
DNA-DNA  hybridizations  of  digested  pXOl.1  with  the  clone  ;  toxin  structural  genes,  the  PA  and  LF 
structural  genes  hybrioized  in  part  to  the  6.0-kb  Psfl  fragment,  linking  the  34.8-kb  SamHI  fragment  with  the 
6.0-kb  SamHI  fragment  (see  Fig.  2).  The  LF  structural  gene  was  also  shown  to  hybridize  to  the  6.6-kb  Psfl 
fragment,  linking  this  fragment  to  the  6.0-kb  Psfl  fragment.  Sequence  analysis  of  pag  (24)  suggested  that 
the  6,0-kb  Psfl  fragment  is  cut  by  SamHI  into  fragments  approx.  1 .4  kb  and  4.7  kb  in  size.  Thus,  the 
evidence  suggested  that  the  4.7-kb  fragment  obtained  by  digestion  of  the  15-kb  SamHI-Sa/l  with  Psfl  is 
homologous  to  the  6.0-kb  Psfl  fragment  of  pXOI.1.  The  Psfl  restriction  profile  of  the  plasmid  from  tp62 
showed  that  Tn977  inserted  into  a  9.3-kb  fragment.  By  process  of  elimination,  the  3.4-kb  fragment 
obtained  by  Psfl  digestion  of  the  15-kb  SamHI-Sa/l  fragment  is  most  likely  homologous  to  the  9.3-kb  Psfl 
fragment.  This  would  link  the  9.3-kb  Psfl  fragment  to  the  6.6-kb  Psfl  fragment.  By  subtracting  the  size  of 
the  Sa/i  arm  of  Tn977  (2.6  kb)  from  the  3.4-kb  fragment,  the  site  of  the  Tn977  insertion  was  calculated  to 
be  approx.  0.8  kb  within  the  9,3-kb  Psfl  fragment.  The  bcation  of  the  insertion  is  just  upstream  of  the  LF 
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structural  gene  (Fig.  2),  suggesting  that  this  region  may  be  involved  in  negative  regulation  of  toxin 
synthesis.  We  are  currently  trying  to  clone  this  region  to  determine  whether  a  gene  encoding  a  trans¬ 
acting  factor  is  located  within  this  Psfl  fragment  (discussed  below).  The  direction  of  transcription  of  Tn9f  7 
within  the  9.3-kb  fragment  is  the  same  as  that  of  the  LF  structural  gene. 

Double  digestion  of  the  plasmids  from  tp2A  and  tp36  showed  that  Tndf  7  appeared  to  have  inserted 
into  the  same  site  on  these  plasmids.  Sail,  in  both  instances,  cut  the  altered  34.8-kb  SamHI  fragment  into 
two  fragments  approx.  30  kb  and  9.5  kb  in  si2e-  FcoRI  and  Psti  restriction  profiles  of  the  plasmids  from 
tp2A  and  tp36  showed  that  ln917  inserted  into  the  same  1.1-kb  £coRI  fragment,  but  it  inserted  into  the 
5.2-kb  Psf\  fragment  of  the  plasmid  from  tp2A  and  into  the  6.3-kb  Pst\  fragment  of  the  plasmid  from  tp36. 
The  results  obtained  from  these  restriction  analyses  were  not  useful  in  linking  the  5.2-kb  and  6.3-kb  Psti 
fragments  to  the  9.3-kb  Psfl  fragment  within  the  34.8-kb  SamHl  fragment.  Previous  restriction  analysis  of 
transductionally-shortened  pX01.l::Tn977 derivatives  from  UM23C1  tdsi,  tds2.  and  tds6,  and  tds9 
provided  evidence  that  determined  the  order  of  these  Psti  fragments  in  the  large  SamHl  fragment.  The 
results  showed  that  the  plasmids  from  all  transductants  exhibited  deletions  within  the  34.8-kb  fiamHI 
fragment.  In  addition,  the  Psfl  restriction  profile  of  the  plasmids  from  these  transductants  showed  that  no 
deletions  were  observed  within  the  6.3-kb  Psfl  fragment,  suggesting  that  this  fragment  is  located  at  the  end 
of  the  large  SamHl  fragment.  By  process  of  elimination,  this  evidence  suggested  that  the  5.2-kb  Psfl 
fragment  is  located  between  the  9.3-kb  and  6.3-kb  Psti  fragments.  Based  on  the  evidence  presented 
above,  the  order  of  the  Psfl  fragments  within  the  34.8-kb  SamHl  fragment  is  shown  in  Fig.  2. 

The  results  obtained  from  double  digestion  and  previous  restriction  analysis  of  the  deletion 
derivatives  from  tp21  and  tp39  were  used  to  calculate  the  ends  of  the  deletions  within  these  plasmids.  The 
deletions  which  were  within  the  toxin-encoding  region  of  the  plasmids  from  these  mutants  is  shown  in  Fig. 

2  by  the  dotted  lines.  The  SamHl  restriction  profile  of  the  plasmid  from  tp21  showed  that  it  was  missing 
the  34.8-kb,  13.g-kb.  and  6.0-kb  fragments;  however,  an  additional  fragment,  44.2  kb  in  size,  was  observed 
(Table  3).  DNA-DNA  hybridizations  of  digested  pXOl.1  from  UM23  with  the  ^^P-iabelled  44.2-kb  SamHl 
fragment  of  the  plasmid  from  tp21  showed  that  the  44.2-kb  fragment  hybridized  to  the  34.8-kb  and  13  9-kb 
SamHl  fragment.  Results  obtained  from  double  digestion  of  the  plasmid  from  this  mutant  showed  that  Sa/I 
cut  the  44.2-kb  fragment  into  two  fragments  approx.  30  kb  and  8.5  kb  in  size.  The  Psfl  restriction  profile  of 
this  plasmid  showed  that  it  contains  intact  the  6.3-kb.  5.2-kb,  9.3-kb,  and  6.6-kb  fragments  within  the  34.8- 
kb  SamHl  fragment.  The  evidence  presented  thus  far  suggested  that  the  36-kb  SamHI-Sa/l  fragment  is 
homologous  to  the  34.8-kb  SamHl  fragment  and  that  the  8.5-kb  SamHI-Sa/l  fragment  is  homologous  to  the 
13.9-kb  SamHl  fragment.  By  subtracting  the  size  of  the  Sa/I  arm  of  Tn977  from  the  altered  SamHI-Sa/l 
fragments,  one  end  of  the  deletion  was  calculated  to  be  approx.  6  kb  within  the  13.9-kb  SamHl  fragment 
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and  the  other  end  of  the  deletion  was  calculated  to  be  approx.  3  kb  from  the  end  of  the  6.0-kb  Psti 
fragment  (Fig,  2). 

Similarly,  phenotypic  characterization  of  tp39  and  restriction  analysis  of  the  deletion  derivative  from 
tp39  provided  evidence  that  suggested  the  altered  33-kb  and  5.5-kb  Sa/nHI-Sa/l  fragments  observed  from 
the  double  digestion  of  this  plasmid  with  SamHI  and  Sail  were  homologous  to  the  34.8-kb  and  7.4-kb 
SamHI  fragments  of  pXOI.1,  respectively.  By  subtracting  the  size  of  the  Sail  arm  of  Tn977  from  the  altered 
SamHI-Sa/l  fragments,  one  end  of  the  deletion  was  calculated  to  be  approx.  3  kb  within  the  7.4-kb  SamHI 
fragment  and  the  other  end  of  the  deletion  was  calculated  to  be  approx.  1  kb  from  the  end  of  the  6.0-kb 
Psfl  fragment  (Fig.  2).  These  results  suggest  that  the  LF  structural  gene  may  be  intact  in  the  plasmid  from 
tp39. 

Characterization  of  UM23  tp68.  Mutant  tp68,  which  appears  to  produce  PA  in  the  presence  and 
absence  of  added  bicarbonate,  was  analyzed  for  PA  production  in  CA  broth  and  CA  broth  buffered  with 
HEPES  (pH  7.5)  with  or  without  the  addition  of  sodium  bicarbonate.  The  cultures  were  incubated  at  37°C 
and  30°C  statically  or  with  shaking.  The  results  were  inconsistent  suggesting  that  the  inssrtbn  mutation 
within  the  plasmid  from  tp6a  is  not  stable.  The  stability  of  the  insertion  mutation  in  tp68  was  determined 
by  examining  the  retention  of  MLS  resistance.  Spores  of  tp68  were  streaked  onto  L  agar  containing 
inducing  concentrations  of  erythromycin  and  grown  overnight  at  30°C.  Individual  colonies  were  picked  to 
L  agar  and  L  agar  containing  inhibitory  concentrations  of  erythromycin  and  lincomycin.  Approximately  10 
to  20%  of  the  colonies  examined  were  MLS  sensitive.  These  results  suggest  that  Tn9/r,  which  appeared 
to  have  inserted  within  the  LF  structural  gene,  affected  the  stability  of  the  plasmid. 

Several  MLS-sensHive  and  MLS-resistant  derivatives  of  tp68  were  isolated  for  further  examination. 
Plasmid  profiles  from  these  isolates  showed  that  two  of  the  eight  MLS®  derivatives  were  devoid  of  any 
plasmids  while  all  of  the  MLS*^  and  the  other  six  MLS®  derivatives  contained  a  plasmid  which  comigrated 
with  wild-type  pXOl.1.  The  plasmids  from  the  tp68  isolates  were  digested  with  SamHI  to  determine 
whether  there  were  any  differences  in  their  restriction  patterns.  Those  from  the  MLS*^  derivatives  exhibited 
SamHI  restriction  patterns  similar  to  those  for  pXOl  .1;:Tn9f7  from  tpBS.  The  plasmids  from  the  MLS® 
derivatives  exhibited  SamHI  restriction  patterns  similar  to  those  of  pXOI.1  from  the  UM23  parent  strain. 
These  results  suggested  that  the  loss  of  MLS*^  by  a  particular  population  of  tp68  can  occur  by  the  loss  of 
the  Tn977-tagged  plasmid  from  the  cell  or  the  excision  of  Tn9f  7  from  the  plasmid.  Therefore,  in  order  to 
retain  MLS  resistance  and  Tn9f  7  insertion,  tp68  was  grown  under  constant  antibiotic  selection. 

Since  tp68  did  not  grow  well  on  CA-agarose  haloimmunoassay  plates,  growth  was  examined  on  L 
agar,  Min  IIIB  agar  (a  modified  Min  IB  medium  which  is  a  more  complete  synthetic  medium),  and  Min  XO 
agar  (a  minimal  synthetic  medium)  at  37°C  and  30°C.  All  media  except  L  agar  were  supplemented  with 
uracil  to  satisfy  the  auxotrophic  requirement  and  with  inhibitory  concentrations  of  erythromycin  and 
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lincomycin.  Tp68  grew  very  well  on  L  and  Min  IIIB  agar  media  both  at  37°C  and  30°C.  While  tp68  grew 
well  on  Min  XO  agar  at  30°C,  it  did  not  grow  on  that  medium  at  37°C.  These  results  suggested  that  tp68 
required  other  nutrients  to  grow  on  minimal  medium  at  37°C  and  that  the  Min  IIIB  agar  contained  the 
nutrients  necessary  to  support  growth  of  tp68  at  this  temperature.  tp68  was  tested  for  growth  on  Min  XO 
agar  with  paper  disks  containing  each  of  the  nutrients  from  Min  IIIB.  Growth  was  enhanced  around  the 
disk  containing  valine  and  to  a  lesser  extent  around  the  disk  containing  leucine.  These  results  suggested 
that  valine  and  possibly  leucine  were  required  for  growth  at  37°C.  This  requirement  does  not  appear  to  be 
an  auxotrophic  requirement  because  valine  is  not  required  for  growth  by  the  tp68  derivatives  cured  of 
pX01.1::TnS77  or  those  in  which  ln917  had  excised  from  the  plasmid.  This  evidence  suggested  that  the 
Tn917  insertion  within  the  plasmid  from  tp6S  is  responsible  for  the  alteration  in  ability  to  grow  on  minimal 
medium,  a  pX0 1.1 -associated  phenotype. 

Further  analysis  of  the  growth  of  tp68  in  minimal  XO  broth  in  the  presence  or  absence  of  valine 
showed  that  although  valine  enhanced  growth  of  this  mutant  slightly  at  37°C  and  30°C,  the  cells  grew 
poorly  in  these  media.  Since  tp68  grew  better  on  minimal  agar  medium  supplemented  with  valine  at  37°C, 
the  agar  may  supply  a  nutrient  necessary  to  support  the  growth  of  tp68.  To  test  this  possibility,  tp68  was 
grown  on  minimal  medium  containing  agarose,  a  more  purified  form  of  agar.  The  results  from  these 
experiments  showed  that  lp68  grew  poorly  on  this  medium  in  the  presence  or  absence  of  valine  at  37°C 
and  30°C;  however,  large  colony  mutants  were  observed  on  medium  containing  valine.  These  large 
colony  mutants  of  tpSS  no  longer  require  valine  for  growth.  Restriction  analysis  of  the  plasmids  from  these 
mutants  may  provide  evidence  which  would  explain  why  these  mutants  no  longer  required  valine  for 
growth. 

UM23  tp63  and  its  derivatives  were  examined  for  alterations  in  extent  of  sporulation,  a  pXOl.1- 
associated  phenotype.  The  isolates  were  streaked  onto  NBY-Mn  slants  and  NBY-Mn  slants  containing 
inhibitory  concentrations  of  erythromycin  and  lincomycin  (for  tp68  MLS*^  derivatives).  The  slants  were 
incubated  at  37°C  and  30°C  and  after  36  and  72  h  the  isolates  were  examined  for  sporulation  by  phase 
contrast  microscopy.  Sporulation  of  tp68  and  its  derivatives  was  compared  to  the  sporulation  of  UM23  and 
UM23C1.  The  results  showed  that  tp6a  and  its  MLS^  derivatives  are  oligosporogenous  (Osp'*’)  at  30°C 
and  37°C,  whereas,  UM23  is  Spo"^  at  30°C.  Osp'*’  at  37°C  and  UM23C1  is  Spo"^  at  both  temperatures. 
Like  UM23,  MLS®  derivatives  of  tp68  containing  pXOl.1  from  which  Tn977  had  excised  were  Osp'*’  at 
37°C  and  sporulated  extensively  at  30'^C.  MLS®  derivatives  of  tp68  cured  of  pX01.1::Tn9f7  sporulated 
extensively  at  both  temperatures  which  was  similar  to  that  observed  for  UM23C1.  These  results  suggested 
that  Tn9f7  insertion  within  the  plasmid  from  tp68  is  responsible  for  the  altered  sporulation  phenotype. 

UM23  tp68  was  examined  again  for  PA  production  in  CA  broth  and  CA-HEPES  (pH  7.5)  broth  with 
and  without  bicarbonate  and  with  antibiotic  selection.  The  cultures  were  grown  statically  at  37°C  and 
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30°C  for  30  h  and  48  h.  As  determined  from  several  trials,  the  results  obtained  for  PA  production  by  tp68 
were  not  reproducible. 

Thus,  analysis  of  tp68  showed  that  it  exhibits  an  alteration  in  sporulation  and  in  its  ability  to  grow  on 
minimal  medium  and  synthesize  PA.  As  shown  in  Rg.  2,  the  location  of  the  Jn917  insertion  in  the  plasmid 
from  tp68  appears  to  be  within  the  LF  structural  gene.  This  insertion  mutation  appears  to  deieterbus  to 
the  cell  and  therefore  the  insertion  is  unstable.  Without  antibbtic  selectbn,  Tn917  is  excised  from  the 
plasmid  or  cells  are  cured  of  the  Tn9f7-tagged  plasmid  derivatives.  The  next  goal  in  characterizing  tp68 
would  be  to  isolate  and  characterize  a  more  stable  mutant  of  tpSS. 

Optimizing  conditions  for  toxin  production  by  B.  anthracis  Weybridge  A  UM23  and  tp62.  As 
stated  above,  tp62  produces  PA  and  LF  in  the  absence  of  added  bicarbonate  and  it  overproduces  both 
proteins  when  bicarbonate  is  added  to  the  medium.  The  standard  growth  conditbns  used  in  our 
laboratory  for  optimal  PA  production  include  growi.ig  the  strains  statically  in  CA  broth  with  added 
bicarbonate  and  charcoal  in  cotton-plugged  flasks.  Previous  analysis  of  PA  productbn  by  UM23  and  tp62 
grown  in  several  buffered  CA  media  without  added  bicarbonate  statically  or  with  aeratbn  for  varbus  times 
showed  that  tp62  produced  maximum  amounts  of  PA  when  it  was  grown  in  CA  broth  buffered  with  0.05  M 
HEPES  (pH  7.5)  with  sbw  shaking  (100  rpm)  for  15  h. 

The  optimal  conditbns  for  PA  production  by  UM23  and  tpS2  were  determined  in  CA  broth  and  CA- 
HEPES  broth  (pH  7.5)  with  and  without  added  bicarbonate,  heat-inactivated  horse  serum,  and  charcoal. 
The  cultures  were  grown  in  cotton-plugged  flasks  with  shaking  (100  rpm)  for  15  h  at  37°C.  Table  4  lists 
the  conditions  tested  and  the  PA  titers  obtained.  Very  little  PA  was  produced  by  either  strain  in  CA  broth 
unless  HEPES  buffer  was  added.  (In  shaken  flasks  with  bicarbonate  added  the  pH  probabty  goes  too 
high).  The  highest  titer  produced  by  UM23  was  in  CA-HEPES  with  added  bicarbonate  and  horse  serum; 
the  titer  was  >16<32.  UM23  tp62  produced  PA  at  titers  of  >16<64  in  almost  all  CA-HEPES  broths  and 
addittan  of  bicarbonate  or  charcoal  did  not  seem  to  affect  PA  synthesis.  However,  the  additbn  of  horse 
serum  did  boost  the  PA  yields  somewhat.  Horse  serum  may  protect  PA  from  being  hydrolyzed  by 
proteases.  A  dramatic  difference  between  UM23  and  UM23  tp62  was  observed  in  CA-HEPES  without  any 
additives.  The  titer  with  tp62  was  32.  whereas  no  PA  was  detected  in  UM23  culture  filtrates  under  these 
conditions.  The  results  summarized  in  Table  4  confirm  that  tp62  does  not  require  added  bicarbonate  for 
PA  synthesis;  they  also  show  that  the  role  played  by  charcoal  in  enhancing  PA  synthesis  by  UM23  is  of  no 
consequence  in  PA  synthesis  by  tp62. 

UM23  and  tp62  were  then  grown  in  CA-HEPES  bmth  with  and  without  added  bicarbonate  and  horse 
serum  in  cotton-plugged  and  screw-capped  flasks  with  jw  shaking  to  determine  whether  the  environment 
produced  within  the  flasks  under  these  conditions  might  affect  PA  production.  A  srtiail  increase  was 
observed  in  PA  production  by  both  strains  when  they  were  grown  in  the  presence  of  bicarbonate  and 


horse  serum  in  screw-capped  flasks  (data  not  shown).  Cultures  grown  in  the  presence  of  bicarbonate  in 
cotton-plugged  flasks  exhibited  a  final  pH  of  8  or  greater,  whereas  those  grown  under  similar  conditions  in 
screw-capped  flasks  exhibited  a  final  pH  of  7.1-7.3.  In  the  absence  of  bicarbonate,  no  differences  in  pH 
and  PA  productbn  were  observed  among  cultures  grown  in  cotton-plugged  and  screw-capped  flasks.  The 
final  pH  of  these  cultures  was  always  below  6.5.  Therefore,  screw-capped  flasks  were  used  in  studies 
testing  PA  production  by  insertion  mutants  grown  in  the  presence  or  absence  of  added  bicarbonate. 

Finally,  we  wanted  to  determine  the  time  at  which  UM23  and  tp62  produced  maximal  amounts  of 
PA,  LF,  and  EF  under  the  conditions  described  above.  To  ensure  that  the  broths  were  inoculated  with 
similar  numbers  of  cells,  one-tenth  ml  of  an  overnight  culture  grown  in  CA  broth  was  transferred  to  the 
screw-capped  flasks.  The  cultures  were  harvested  at  times  ranging  from  8  to  25  h.  One  flask  was  set  up 
for  each  time  point.  At  each  time  interval  a  lQ-ml  sample  was  mixed  with  0.5  ml  of  horse  serum,  filtered 
through  a  Millipore  HA  membrane,  and  assayed  for  PA,  LF,  and  EF.  To  compare  different  strains  for 
productbn  of  toxin  and  account  for  differences  in  growth,  the  yields  of  the  toxin  components  were 
expressed  as  //g  per  ml  of  cell  dry  weight.  For  this  the  cells  were  collected  on  Millipore  DA  membranes 
and  washed  several  times  with  water.  The  membranes  were  dried  and  the  dry  cell  weight  was 
determined. 

Tables  5  and  6  show  the  amounts  of  PA,  LF,  and  EF  produced  by  UM23  and  tp62  grown  in  the 
presence  and  absence  of  added  bicarbonate  and  horse  serum  for  several  time  periods.  The  results 
show  that  the  time  at  which  UM23  and  tp62  produced  maximum  amounts  of  the  three  toxin  components  in 
CA-HEPES  broth  in  the  presence  and  absence  of  added  bicarbonate  and  horse  serum  was  between  12.5 
and  15  h.  The  results  in  Table  5  also  show  that  when  bicarbonate  was  present  in  the  medium  tp62 
produced  almost  twice  as  much  PA  and  LF  as  did  UM23  under  the  same  conditions.  In  addition  the 
results  in  Table  6  confirm  that  bicarbonate  is  not  necessary  for  production  of  PA,  LF,  and  EF  by  tp62. 

Quantitative  analysis  of  toxin  production  by  several  insertion  mutants.  As  shown  in  Table  7, 
several  insertbn  mutants  were  examined  for  production  of  PA,  LF,  and  EF  under  conditions  described 
above.  The  mutants  were  grown  in  CA-HEPES  broth  in  the  presence  and  absence  of  added  bicarbonate 
and  horse  serum.  Insertion  mutants  tplA,  tp2A,  tp20,  tp27.  tp28,  tp36.  and  tp40  exhibited  a  toxin 
phenotype  very  similar  to  that  of  UM23.  All  except  tp27  contain  TnS77  insertions  outside  of  the  regton  of 
pXOI.1  encoding  the  toxin  genes.  Like  UM23.  most  of  the  insertion  mutants  except  tp62  produced  small 
or  no  detectable  amounts  of  PA,  LF,  or  EF  in  the  absence  of  added  bicarbonate  and  horse  serum.  UM23 
tp21,  tp39,  tp49,  and  tp71  all  contain  deletions  within  pXOI.1  ranging  from  16  to  150  kb  which  presumably 
were  mediated  by  Tn9t7.  All  deletants  exhibited  alterations  in  production  of  one  or  more  of  the  toxin 
components.  DNA-ONA  hybridizations  of  the  digested  plasmid  derivatives  from  these  deletants  to  the 
cloned  structural  genes  confirmed  some  of  the  toxin  phenotypes  (discussed  below). 
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UM23  tp21  is  deficient  in  the  prcxluction  of  PA  because  the  PA  structural  gene  has  been  deleted. 
This  mutant  does  produce  more  LF  and  EF  in  the  presence  of  added  bicarbonate  than  does  the  UM23 
parent  strain  and  only  small  amounts  of  these  components  were  produced  in  the  absence  of  added 
bicarbonate.  The  insertion  mutant  tp72  also  exhibited  a  toxin  phenotype  similar  to  that  obsenred  for  tp21; 
it  produced  approx.  20-fold  less  PA  than  did  UM23.  Tn917  in  tp72  is  inserted  within  the  PA  structursd 
gene.  In  the  presence  of  bicarbonate  and  horse  serum  tp72  produced  EF  and  twice  as  much  LF  as  that 
observed  for  UM23  .  SmeJI  amounts  of  LF  and  EF  were  detected  in  filtrates  of  this  mutant  grown  in  the 
absence  of  bicarbonate  and  horse  serum.  The  results  obtained  from  analysis  of  tp21  and  tp72  suggest 
that  interruption  or  deletbn  of  pag  may  affect  productton  of  LF  and  EF. 

The  deietants,  tp49  and  tp71,  produced  reduced  amounts  of  EF  and  PA,  respectively.  In  addition 
tp49  produced  more  PA  in  the  presence  of  added  bicarbonate  and  horse  serum  than  did  the  parent  strain, 
and,  similarly,  tp71  produced  five-  to  six-fold  more  LF.  The  resulting  toxin  phenotype  for  tp49  is  PA'^'*', 
LF"*",  and  EF'*'^*  and  the  phenotype  for  tp71  is  PA"*"^',  LF''”^,  and  EF'*'.  Results  from  hybridization  of  the 
digested  plasmids  from  these  mutants  with  the  cloned  toxin  structural  genes  suggest  that  the  phenotypes 
for  tp49  and  tp7l  should  be  PA'*’,  LF’*’,  EF,  and  PA*,  LF'*’,  EF,  respectively.  These  discrepancies  in  the 
toxin  phenotypes  along  with  results  from  restriction  analysis  of  the  plasmids  from  these  strains  suggested 
that  the  spore  stocks  of  each  mutant  may  contain  a  mixed  population  of  deietants.  This  has  been 
confirmed  and  we  are  now  in  the  process  of  attempting  to  segregate  the  appropriate  deietants  by  phage 
CP-51 -mediated  transduction. 

The  insertion  mutants  tp29  and  tp32  and  the  deletant  tp39  are  deficient  in  production  of  ail  three 
toxin  components.  The  difference  between  these  mutants  is  that  pXOI.1  in  tp29  and  tp32  contains  an 
insertion  mutation  within  the  gene  encoding  the  positive  trans-acting  factor  (discussed  below)  and  the 
plasmid  in  tp39  contains  a  30-kb  deletion  encompassing  pag,  cya,  and  the  positive  trans-acting  factor. 

Analysis  of  the  filtrates  from  tp62  confirmed  that  it  produces  more  PA  and  LF  in  the  presence  of 
added  bicarbonate  and  ho.'se  serum  than  does  the  parent  strain.  In  addition,  tp62  produced  approx.  25- 
fold  more  PA  in  the  absence  of  added  bicarbonate  and  horse  serum  than  that  observed  for  UM23.  Thus, 
although  bicarbonate  is  not  necessary  for  production  of  the  three  toxin  components  by  tp62,  increased 
yields  of  all  three  were  observed  when  bicarbonate  and  horse  serum  were  added  to  the  medium.  The  PA 
observed  from  filtrates  obtained  from  tp62  grown  in  the  absence  of  added  bicarbonate  may  be 
proteolytically  degraded.  Experiments  are  being  conducted  to  determine  whether  PA,  LF,  and  EF  might  be 
more  stable  in  filtrates  obtained  from  tp62  grown  in  the  absence  of  added  bicarbonate  and  horse  serum  if 
the  culture  is  neutralized  to  reduce  protease  activity. 

Analysis  of  the  toxin  phenotypes  of  UM23  tp62  and  tp29.  The  mutant  toxin  plasmids  from  tp62 
and  tp29  were  moved  individually  by  conjugation  into  UM23C1-2,  a  rifampicin-resistant  mutant  of 
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UM23C1(pX01.1)'.  This  was  done  by  first  introducing  pBC16  and  the  conjugative  plasmid  pX012  carrying 
ln917  (pX012::TnS?7)  into  tp62  and  tp29  by  mating  (1).  Transcipients  from  these  matings  were  than  used 
as  donors  to  transfer  pX01.1::Tn9i7  to  UM23C1-2  and  selecting  transcipients  that  were  Rif*^  and  MLS*^. 

Four  transcipients,  designated  UM23C1-2  tr1-62  to  tr4*62,  were  isolated  from  the  mating  with  tp62  as 
the  donor  and  four,  designated  UM23C1-2  tr1-29  to  tr3-29,  were  isolated  from  the  mating  with  tp29  as  the 
donor.  Plasmid  profiles  showed  that  the  transcipients  had  acquired  a  plasmid  which  comigrated  with 
pX01.1::Tn9t7  from  tp62  or  pX01:;Tn9f7  from  tp29,  respectively.  The  transcipients  tested  positive  when 
screened  for  PA  production  in  CA  broth  and  on  CA-agarose  haloimmunoassay  plates.  B.  thuringiensis 
crystals,  the  synthesis  of  which  is  encoded  by  pX012,  were  produced  when  these  transcipients  sporuiated 
indicating  that  pXOI.1  and  pXOl2  probably  exist  as  cointegrates  or  recombinants.  Results  in  Table  8 
show  that  the  transcipients  resembled  their  respective  donor  parent  with  respect  to  PA  production. 

Tp62  also  exhibited  alterations  in  the  extent  of  sporutatbn.  a  pX0 1.1 -associated  phenotype.  It  is 
Osp"*"  at  30°C  and  37°C,  whereas  the  parent  strain  Weybridge  A  UM23  is  Spo"^  at  30°C  and  Osp"^  at 
37®C,  The  transcipients  carrying  pX01::Tn9t7  from  tp62  exhibited  the  same  sporulation  phenotype  as  that 
observed  for  tp62.  These  results  suggested  that  the  Tn9T7  insertion  in  pXOl.1  may  also  be  responsible 
for  the  altered  sporulation  phenotype.  To  confirm  this  tp62  was  cured  of  pXOI.1  ::Tn977  by  serial  transfers 
at  43®C.  The  cured  strains  were  MLS®,  indicating  that  in  tp62  Tn977  was  inserted  only  in  the  plasmid,  and 
their  sporulation  phenotype  was  the  same  as  that  of  UM23  cured  of  pX01.1,  i.e.,  they  were  Spo"^  at  30°C 
and  37®C.  These  results  provide  further  evidence  that  the  Tn917  insertion  in  pXOl.l  of  tp62  is  responsible 
for  the  altered  sporulation  phenotype. 

Identification  of  a  gene  on  pXOI.1  involved  In  positive  activation  of  toxin  synthesis.  As  shown 
above,  insertion  mutants  Weybridge  A  UM23  tp29  and  tp32  are  deficient  in  production  of  all  three 
components  of  the  anthrax  toxin.  The  location  of  Tn977  in  pXOt.l  from  tp29  and  tp32  is  between  the  PA 
and  EF  structural  genes  and  within  2  kb  of  the  end  of  a  13.9-kb  SamHI  fragment.  This  suggested  that  this 
regton  of  pXOl.l  may  be  involved  in  positive  regulation  of  toxin  production.  We  were  unsuccessful  in 
cloning  the  13.9-kb  flamHI  fragment.  We  were  successful,  however,  in  cloning  into  a  gram-negative  vector 
an  8.0-kb  fcoRI  fragment  that  overlaps  the  13.9-kb  BamHI  fragment  and  encompasses  the  positive 
regulatory  region.  The  clone  was  designated  £.  co//  DH5a  etf2-8.0. 

While  we  were  involved  in  the  cloning  project,  i.  Uchida,  working  in  Dr,  S.  Leppla's  laboratory  at 
NIDR  in  Bethesda,  MD,  and  taking  advantage  of  information  presented  by  Hornung  and  Thorne  at  the  1991 
ASM  meeting  (4),  v/as  successful  in  cloning  this  positive  regulatory  regran  in  pHY300PLK  and  sequencing 
the  cloned  fragment.  Two  open  reading  frames  were  identified,  but  only  one  appears  to  be  involved  in 
positive  reguiatbn  of  toxin  synthesis.  Because  this  work  was  initiated  in  my  laboratory  and  was  made 
possible  by  Jan  Hornung's  isolation  and  characterization  of  insertion  mutants  tp29  and  tp32.  it  seemed 
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logical  that  the  two  laooratories  should  collaborate  in  completion  of  the  project.  Jan  Hornung  has  spent 
some  time  in  Or.  Leppta’s  laboratory  making  certain  that  the  gene  cloned  in  his  laboratory  is  the  same 
gene  that  she  cksned,  i.e.,  the  gene  of  interest  to  us.  The  restriction  pattern  of  the  8.0-kb  insert  in  the 
recombinant  plasmid  from  £  coH  DHScr  etf2-a.O  was  co.Tipared  with  that  of  the  cloned  insert  that  I.  Uchida 
obtained.  Uchkla’s  cloned  insert  contains  a  3.5-kb  BamHl-EcoRI  fragment  similar  to  that  observed  for  the 
8.0-kb  EcoRI  insert,  in  addition,  1.  Uchida  subcloned  the  major  ORF  and  he  eind  Hornung  showed  that  it 
complemented  the  insertion  mutation  within  tp29  and  tp32.  Furtiiermore,  PCR  analysis  carried  out  by 
Uchida  showed  that  the  insertbn  mutatbns  in  the  plasmids  derived  from  tp29  and  tp32  were  boated  within 
the  major  ORF  involved  in  activation  of  toxin  synthesis.  These  results  suggest  that  the  DMA  ctaned  by 
Uchida,  as  well  as  that  cloned  by  Jan  Hornung.  contains  the  gene  involved  in  positive  regulatbn  of 
synthesis  of  the  toxin  components.  The  gene  has  been  given  the  designation  atxA,  and  a  manuscript 
describing  the  cbning  and  characterizatbn  of  the  gene  is  in  preparatbn  (23). 

Cloning  of  a  region  of  pXOI.1  involved  in  negative  regulation  of  toxin  synthesis.  As  discussed 
above  and  shown  in  Table  7,  tp62  does  not  require  added  bicarbonate  for  synthesis  of  toxin.  Tndf  7  in 
pXOl.l  from  tp62  is  located  on  a  9.3-kb  Pstl  fragment  just  upstream  of  the  LF  structural  gene  (Fig.  2). 
suggesting  that  this  regbn  may  be  involved  in  negative  regulation  of  toxin  synthesis.  The  Psti  restrictbn 
profile  of  pXOI.1  showed  that  there  are  two  9.3-kb  fragments.  To  clone  the  regbn  involved  in  negative 
regulatbn,  the  9.3-kb  Pst\  fragment  containing  the  putative  negative  regulator  gene  was  isolated  from 
pXOl  .1:;Tn9f  7  of  tp28  which  contains  an  insertbn  in  the  other  9.3-kb  fragment.  The  fragment  vras  then 
cbned  into  pBluescriptilKS+  and  the  ligatbn  mixture  was  transformed  into  £  coli  DH5a  by  electroporatbn. 
One  transformant  was  isolated  that  contained  a  recombinant  plasmid  with  a  9.3-kb  Psfl  insert  and  was 
designated  E.  coli  DHSct  etf2-9.3.  DNA-DNA  hybridization  of  the  digested  recombinant  plasmb  from  etf2- 
9.3  with  the  8.&-kb  Psfl  fragment  of  pXOl  from  3.  anthmcis  Sterne  (USAMRIID)  showed  that  the  8.6-kb 
fragment  hybrbized  to  the  cloned  insert.  As  discussed  below,  the  8.6-kb  Psfl  fragment  of  pXOi  from 
Sterne  (USAMRIID)  shares  honrrobgy  with  the  9.3-kb  Psfl  fragment  of  pXOI.1  from  Weybridge  A  UM23 
(Fig.  6).  In  addition,  the  EcoRI  restrictbn  profile  of  the  14.7-kb  Psfl  fragment,  i.e.,  the  altered  9.3-kb  Psfl 
fragment  of  pX01.1::Tn9f7  from  tp62  that  contains  Tn9f 7,  was  similar  to  that  observed  for  the  9.3-kb  Psfl 
insert  of  the  recombinant  plasmid  from  stf2-9.3.  The  only  difference  observed  in  the  restrictbn  profiles  was 
that  the  14.7-kb  Psfl  fragment  was  missing  a  1.2-kb  EcoRI  fragment  and  contained  an  additional  fragment 
approx.  6.7  kb  in  size.  The  6.7-kb  EcoRI  fragment  corresponded  to  the  insertion  of  Tn917  in  the  1,2-kb 
EcoRI  fragment.  These  results  suggested  that  we  had  cloned  the  9.3-kb  Psfl  fragment  of  interest.  We  now 
hope  to  subcbne  a  smaller  fragment  of  the  9.3-kb  psfl  insert  encompassing  the  putative  negative 
regulator^  gene  into  a  Gram-positive  cioning  vector,  pHPS9,  and  transform  the  ligatbn  mixture  into  B. 
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sub^lis  6<3M15  by  protoplast  transformatfon.  The  cbning  and  characterization  ot  the  neg^ive  regulatory 
region  has  became  a  collaborative  project  with  I.  Uchkia  and  S.  Leppia  at  NIDR  in  Bethesda.  MO. 

DNA-DNA  hybridization  analysis  of  pXOl.InTnat 7  deletion  derivativas  with  cloned  toxhi 
strucftirai  genes.  The  pX01.1;;Tn9^7  deletion  derivatives  from  tp21,  tp3d,  tp49,  and  tp7l  were  tested  for 
hybridization  to  the  cloned  LF  and  EF  structural  genes  to  determine  wh^  toxin  genes  were  present. 
Plasmids  pLF7  and  pSE42  containing  cbned  LF  and  £F  structural  genes,  respectively,  were  digested  with 
either  EcoRI  or  flamHl.  The  7.4-kb  BamHl  fragment  from  pSE42  and  ali  fcoRI  fragments  pooled  from 
pLF7  were  labelled  with  digoxigenin-dUTP  and  used  to  probe  Psft-  and  SamHI-digested  plasmids  from 
deletion  derivatives.  The  results  are  shown  in  Table  9. 

All  of  the  deietbn  derivatives  examined  contain  the  LF  structural  gene  and  all  but  tp39  produce  LF 
{Table  7).  The  results  obtained  from  restrictbn  analysis  of  the  plasmid  from  tp39  showed  that  the  deietbn 
within  ttiis  plasmid  encompasses  the  positive  activating  factor  gene  atxA.  Thus,  no  LF  is  detected  in 
filtrates  from  tp39  because  the  LF  gene  is  not  being  expressed.  As  discussed  bebw,  when  the 
recombinant  plasmid  containing  the  cbned  atxA  gene  was  transformed  into  tp39,  production  of  LF  was 
detected. 

Plasmids  from  tp21  and  tp39  hybridized  to  the  EF  gene  probe,  but  as  shown  in  Table  7.  only  tp21 
produces  EF.  As  discussed  above,  results  obtained  from  restriction  analysis  determining  the  ends  of  the 
deietbn  within  the  plasmid  from  tp39  suggested  that  the  EF  structural  gene  on  the  7.4-kb  RamHI  fragment 
h»d  been  deleted;  however,  3  kb  of  this  fragment  was  stili  present.  Since  the  7.4-kb  BamHl  fragment 
containing  the  EF  gene  was  cbned  in  its  entirety,  this  explains  why  it  shoub  hybridize  to  the  partially 
deleted  7.4-kb  SamHI  fragment  of  the  plasmid  from  tp39. 

The  EF  probe  did  not  hybridize  to  the  40-kb  plasmid  from  tp49  or  to  the  47.5-kb  plasmid  from  tp71. 
However,  it  did  hybridize  to  fragments  of  the  digested  plasmids  from  tp4g  and  tp71  that  were  only  weakly 
visible  on  the  stained  gel  and  which  were  shown  to  comigrat  with  digested  fragments  from  pXOt.l.  As 
discussed  above,  these  results  suggested  that  the  spore  stocks  of  tp49  and  tp71  contain  a  mixed 
populatbn  of  deietants.  DNA-ONA  hybridization  analysis  of  the  plasmids  from  these  mutants  will  be 
reexamined  once  we  have  succeeded  in  segregating  the  40-kb  deletion  derivative  of  tp49  and  the  47.5-kb 
deietbn  derivative  of  tp7l. 

Prevbus  restrictbn  analysis  and  hybridization  analysis  of  the  deietbn  derivatives  from  tp21,  tp39. 
tp49.  and  tp71  showed  that  only  the  plasmid  from  tp49  shoub  contain  a  PA  structural  gene  (5,7).  The 
data  presented  in  Table  7  show  that  onty  tp49  produces  large  amounts  of  PA. 

introductbn  of  plUSI  into  UM23  tp39.  Restriction  analysis  of  the  plasmb  from  ip39  suggested 
that  an  intact  LF  gene  is  present.  However,  since  the  deietbn  within  this  piasmb  encompasses  the 
positive  activating  factor  gene,  no  LF  production  detected.  Introduction  of  the  cbned  positive  activating 
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fetctor  gene  into  this  strain  should  aliow  expression  erf  the  LF  gene  » it  is  intaerf.  if  the  LF  gene  can  be 
e]q3ressed  in  this  manner,  then  the  mutant  should  be  able  to  produce  LF  uncontaminated  with  PA  or  EF. 

The  tetracycline-resistance  recombinant  plasmki,  plU51,  which  contains  the  cloned  positive 
activating  factor  gene,  was  introduced  into  tp39  by  electroporation.  Transformants  tp39  etQ  and  etfS  were 
analyzed  for  production  of  PA,  LF,  and  EF.  Plasmid  plUSi  did  not  appear  to  be  maintained  stably  in  the 
tp39  transformants  unless  they  were  grown  under  selectton  with  tetracycline.  When  tp39  etf3  and  etf5 
were  grown  in  CA-HEPES  (pH  7.5)  in  the  presence  of  bicarbonate,  horse  serum  and  inhibitory 
concentrations  erf  tetracycline,  only  LF  was  produced.  The  concentration  of  LF  appeared  to  be  about  ten¬ 
fold  lower  than  that  observed  for  LtM23.  No  detectable  amounts  of  PA  or  EF  were  present  within  the 
titrates.  We  would  like  to  optimize  growth  conditions  for  these  transformants  to  determine  whether  the 
amount  of  LF  produced  by  these  tp39  transformants  can  be  increased. 

II.  Analysis  of  an  inversron  encompassing  the  toxin-encoding  region 
of  pXOl.l  (Weyfaridge  A)  and  pXOl  (Sterne). 

Identification  of  an  inversion.  The  BamHt  and  Pst\  restrietbn  profiles  of  pXOI.1  from  B.  an^mcis 
Weybridge  A  UM23  as  determined  in  our  laboratory  differed  from  those  published  by  Robertson  et  a/.(10) 
for  pXOI  from  a  different  pXOI"^,  pX02‘  strain  (labeled  Sterne).  The  difference  was  observed  in  the  region 
surrounding  the  toxin  structural  genes  (4).  As  shown  In  Fig.  4,  the  29-kb  and  13-kb  SamHI  fragments 
shown  on  the  restriction  map  of  pXOI  constructed  by  Robertson  ef  a/,  differed  from  the  34.8-kb  and  14.6- 
kb  fragments  generated  by  SamHI  digestion  of  pXOt.l.  The  restriction  map  of  pXOl.1  shown  in  Rg.  5  is 
based  on  the  map  of  pXOl  constructed  by  Robertson  et  al.  and  results  obtained  from  restriction  analysis 
of  pXOI.1,  pXOl.1::Tn9f  7  derivatives,  and  deletion  derivatives  and  DNA-DNA  hybridizations  of  digested 
pXOl.1  with  the  cloned  toxin  structural  genes. 

Ooubte  digestion  of  pXOl.l  with  SamHI  and  Sail  showed  a  restriction  profile  which  differed  from  that 
deduced  from  Robertson's  map.  Three  Salt  restriction  sites  were  observed  in  pXOt.l,  They  are  located  in 
the  3a.7-kb  19.9-kb  and  14.6-kb  SamHI  fragments  and  corresponded  to  those  in  the  37-kb,  20-kb,  and  29- 
kb  SamHI  fragments  on  Robertson's  map,  respectively.  These  results  suggested  that  the  14.6-kb  fragrr^ent 
erf  pXOI.1  was  homologous  to  the  29-kb  fragment  of  pXOl  (Robertson). 

In  addition  to  the  differences  observed  for  the  SamHI  restriction  profiles,  Pstt  digestion  of  pXOI.1 
generated  an  18.7-kb  and  a  3.3-kb  fragment  instead  of  a  20-kb  and  an  8.6-kb  fragment  depicted  on 
Robertson's  map.  The  differences  in  Psfl  restriction  patterns  can  be  seen  in  Fig.  5.  Results  from 
homologous  DNA-DNA  hybridizations  showed  that  the  9.3-kb  as  well  as  the  6.6-kb.  6.3-kb,  e.O-kb,  and  5.2- 
kb  Pstt  fragments  from  pXOI  .1  were  nested  within  the  34.8-kb  SamHI  fragment.  DNA-DNA  hybridization 
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studies  using  the  cloned  toxin  structural  genes  as  well  as  secondary  digestion  of  the  34.8-kb  fragment 
provided  evidence  that  the  Psfl  fragments  homologous  with  the  BamHI  fragment  are  the  five  fragments 
listed  above.  DNA-DNA  hybridizations  of  digested  pXOt.l  with  the  cloned  LF  structural  gene  showed  that 
it  hybridized  to  the  34.8-kb  SamHI  fragment  and  to  the  6.6-kb  and  6.0-kb  Psfl  fragments.  According  to 
Robertson’s  map  lef  is  located  on  the  S.e-kb  and  6.0'kb  Ps/i  fragments  which  are  nested  within  the  29-kb 
Sa/nHl  fragment.  Robertson’s  map  also  shows  that  the  l9-kb  SamHI  fragment  contains  Psfl  fragments 
which  may  correspond  to  the  9.3-kb,  6.3-kb,  and  5.2-kb  Psfl  fragments  located  within  the  34.8-kb  SamHI 
fragment  of  pXOI.1.  These  results  suggested  that  the  34.8-kb  SamHI  of  pXOl.1  shares  homology  with  the 
29-kb  and  19-kb  SamHI  fragments  of  pX01  from  Robertson’s  strain. 

The  evidence  presented  above  suggested  thiat  the  region  encompassing  the  toxin  structural  genes 
in  pXOf.l  from  Weybridge  A  UM23  may  be  inverted  in  comparison  to  the  toxin-encoding  region  shown  on 
the  restriction  map  of  pXOl  constructed  by  Robertson  etal.  The  orientation  of  the  region  encoding  the 
toxin  structural  genes  has  been  designated  as  a  for  pXOl  from  Robertson's  B.  anthracis  strain  and  as  0  for 
pXOl.l  from  Weybridge  A  UM23  (19). 

The  restriction  profiles  for  pXOl  isolated  from  other  B.  anthracis  (pXOl  pX02‘)  strains,  including 
Weybridge,  Weybridge  A,  Weybridge  B,  Sterne  (USAMRIID),  Anvax,  V770,  PM36R-1,  Ames  ANR-1,  and 
New  Hampshire  NNR-1,  were  examined  (4).  All  except  Sterne  (USAMRIID)  exhibited  restriction  profiles 
similar  to  the  profiles  exhibited  by  pXOl.1  from  Weybridge  A  UM23  and  therefore,  all  most  likely  carry  the 
toxin-encoding  region  in  the  B  orientation.  The  toxin  plasmid  from  Sterne  (USAMRIID)  generated  SamHI, 
6amHI-Sa/l,  and  Psfl  restriction  patterns  which  corresponded  to  those  shown  for  pXOI  by  Robertson.  Thus 
the  toxin-encoding  region  of  pXOl  from  Sterne  (USAMRIID)  is  most  likely  in  the  a  orientation.  The  origin  of 
the  Sterne  strain  used  by  Robertson  et  a/.  (10)  has  not  been  determined;  however,  it  seems  likely  this  the 
strain  he  used  is  the  same  as  the  Sterne  (USAMRIID)  strain. 

Physical  mapping  of  the  toxin-encoding  region  of  pXOl.1  from  8.  anthracis  Weybridge  A  UM23 
and  pXOl  from  Sterne  (USAMRIID).  As  shown  in  Fig.  5,  a  SamHI,  BamHI-5a/l,  and  Psfl  restriction  map 
was  constructed  for  a  77-kb  region  of  pXOI.1  encompassing  the  toxin  structural  genes.  Results  from 
restriction  analysis  with  single,  double,  and  triple  digestions  of  pXOI.1,  pXOl.1::Tn9f 7,  and  deletion 
derivatives  were  used  to  construct  this  restriction  map.  DNA-DNA  hybridizations  of  digested  pXOI.1  with 
the  cloned  toxin  structural  genes  and  localization  of  Tn977  in  pXOI.1  from  UM23  tp2A,  tp29,  tp32,  tp36, 
and  tp62  (discussed  above)  also  provided  evidence  to  delineate  the  positions  of  the  restriction  fragments 
within  the  toxin-encoding  region.  The  map  of  the  toxin-encoding  region  of  pXOI  from  Sterne  (USAMRIID) 
was  constructed  based  on  the  map  of  pXOl  constructed  by  Robertson,  etal.  (10).  restriction  analysis  of 
the  plasmid,  and  DNA-DNA  hybridizations  of  the  digested  plasmid  with  the  cloned  toxin  structural  genes. 
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Digestions  of  the  larger  BamHI  and  Psfl  fragments  found  within  the  toxin-encoding  region  of 
pXOI.1.  Table  10  shows  results  of  the  digestion  of  the  34.8-kb  SamHI  fragment  with  Psfl  and  the  18.7-kb 
and  18.1-kb  Psft  fragments  with  BamHI.  Restriction  analysis  of  the  34.8-kb  BamHI  fragment  with  Psfl 
confirmed  that  the  9.3'kb,  6.6-kb,  6.3-kb,  and  5.2-kb  Psfl  fragments  were  nested  within  this  BamHI 
fragment.  A  4.7-kb  fragment  that  comigrated  with  a  Psff  fragment  from  pXOI.1  was  also  shown  to  be  part 
of  the  34.8-kb  BamHI  fragment.  As  discussed  previously,  this  large  BamHI  fragment  hybridized  to  a  6.0-kb 
Psfl  fragment  rather  than  to  a  4.7-kb  fragment.  The  tocation  of  pag  and  let  is  in  part  within  the  6.0-kb  Psfl 
fragment:  however,  both  genes  are  located  on  different  BamHI  fragments.  This  observation  suggested  that 
the  6.0-kb  Psfl  fragment  contains  a  BamHI  site.  The  sequence  of  pag  (24)  showed  that  a  Psfl  restrictbn 
site  is  tocated  approx.  1 .4  kb  from  a  BamHI  restriction  site.  This  value  corresponded  to  the  difference 
between  the  6.0-kb  Psfl  fragment  which  hybridized  to  the  34.8-kb  BamHI  fragment  and  the  4.7-kb  fragment 
resulting  from  the  digestion  of  the  BamHI  fragment.  Thus,  this  evidence  suggested  that  the  4.7-kb 
fragment  of  the  34.8-kb  BamHI  fragment  is  homologous  to  the  6.0-kb  Psfl  fragment  of  pXOI.1 .  The  order 
of  the  Psfl  fragments  within  this  large  BamHI  fragment  was  determined  from  data  obtained  from  DNA-DNA 
hybridization  of  digested  pXOl.l.  with  recombinant  plasmids  containing  the  cloned  pag  or  let  gene,  the 
tocation  of  Tn977  in  pXOl.l  derivatives  from  tp2A,  tp36,  and  tp62  (discussed  above),  and  previous 
restriction  analysis  of  the  deletion  derivatives  of  UM23C1  tdsi,  tds2,  and  tds6.  The  order  of  the  Psfl 
fragments  within  the  34.8-kb  BamHI  fragment  is  shown  in  Figs.  2  and  5. 

The  BamHI  restriction  profile  of  the  18.7-kb  Psft  fragment  showed  that  it  contains  a  14.6-kb  fragment 
that  comigrates  with  the  14.6-kb  BamHI  fragment  of  pXOl.l.  A  2.0-kb  and  a  2.7-kb  fragment  were  also 
present,  but  the  location  of  these  fragments  has  not  been  determined.  The  cloned  7.4-kb  BamHI  fragment 
of  pXOI  containing  cya  has  been  shown  previously  to  hybridize  to  the  18.7-kb  and  5.5-kb  Psfl  fragments  of 
pXOI.  Based  on  this  evidence  the  2  0-kb  fragment  is  most  likely  nested  within  the  7.4-kb  BamHI  fragment. 
By  the  process  of  elimination,  the  2.7-kb  fragment  is  most  likely  nested  within  the  7.7-kb  BamHI  fragment 
that  is  adjacent  to  the  14.6-kb  BamHI  fragment  (Fig.  5). 

When  the  18.1-kb  Psfl  fragment  of  pXOI.1  was  digested  with  BarnHi,  it  was  shown  to  contain  a  13.9- 
kb  fragment  that  comigrated  with  the  13.9-kb  BamHI  fragment  of  pXOl.1  and  a  4.8-kb  fragment.  The 
cloned  6,0-kb  BamHI  fragment  of  pXOl  that  contains  pag  has  been  shown  to  hybridize  to  the  6.0-kb  and 
18.1-kb  Psfl  fragments.  Thus,  the  4.8-kb  Psfl-SamHI  fragment  most  likely  is  homologous  to  one  end  of  the 
6.0-kb  BamHI  fragment. 

Location  of  the  toxin  structural  genes  on  pXOI.1  from  Weybridge  A  UM23  and  pXOI  from 
Sterne  (USAMRIID).  The  results  of  DNA-DNA  hybridizations  of  the  BamHI-  and  Psfl-digested  plasmids 
from  Weybridge  A  UM23  and  Sterne  (USAMRIID)  with  the  cloned  PA,  LF,  and  EF  structural  genes  were 
used  to  confirm  the  locations  of  the  toxin  genes  on  pXOl.1  (Weybridge  A)  and  to  determine  their  location 
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on  pXOl  from  Sterne  (USAMRIID).  The  plasmids  pPA102,  pLF7,  and  pSE42  containing  cloned  PA,  LF,  and 
EF  structural  genes,  respectively,  were  digested  with  either  EcoRI  or  SamHI.  The  7.5-kb  SamHI  fragment 
from  pSE42,  all  EcoRI  fragments  pooled  from  pLF7.  and  the  2.2-kb  EcoRI  fragment  from  pPAl02  were 
labelled  with  digoxigenin-dUTP,  and  hybridized  to  Psil-  and  SamHI-digested  plasmids  from  Weybridge  A 
UM23  or  Sterne  (USAMRIID).  The  results  are  shown  in  Table  1 1 .  The  locations  of  pag,  /ef,  and  cya  on 
pXOl.1  (Weybridge  A  UM23)  and  pXOI  (Sterne)  are  depicted  in  Fig.  5. 

The  PA  structural  gene  hybridized  to  a  6.0-kb  BamHI  fragment  and  a  6.0-kb  Psfl  fragment  of  both 
pXOl  (Sterne)  and  pXOI.1  (Weybridge  A).  The  LF  structural  gene  hybridized  to  the  same  Psfl  fragments 
of  pXOl  from  both  strains,  but  to  different  BamHI  fragments.  The  EF  probe  hybridized  to  the  same  BamHI 
fragment,  however,  a  difference  was  observed  upon  hybridization  to  the  Psfl  fragments.  The  EF  probe 
hybridized  to  the  same  5.5-kb  Psfl  fragment,  but  it  hybridized  to  an  8.6-kb  Psfl  fragment  of  pX01  (Sterne) 
and  to  an  18.7-kb  Psfl  fragment  of  pXOl.1  (Weybridge  A).  These  results  provided  more  evidence  that  an 
inversion  had  occurred  in  one  of  the  plasmids. 

Digestion  of  pXOl.1  (Weybridge  A)  and  pX01  (Sterne)  with  BamHI  and  Sa/i.  The  BamHI  and 
SamHI-Sa/l  restriction  profiles  for  pXOI.1  (Weybridge  A  UM23)  and  pXOl  (Sterne)  are  shown  in  Table  12. 
As  predicted  from  Robertson's  restriction  map  of  pXOl ,  three  Sa/I  restriction  sites  were  found  in  the 
plasmids  from  Weybridge  A  UM23  and  Sterne  (USAMRIID).  They  are  located  in  the  38.7*kb,  19.9-kb,  and 

14.6- kb  BamHI  fragments  of  pXOl.1  (Weybridge  A  UM23)  and  the  38.7*kb,  29-kb,  and  19.9-kb  BamHI 
fragments  of  pXOI  (Sterne). 

For  pXOI.1  (Weybridge  A  UM23),  Sail  cuts  the  38.7-kb  BamHI  fragment  into  two  fragments  that  are 
32  kb  and  6.7  kb  in  size.  This  result  was  confirmed  by  double  digestion  of  two  Tn9f  7-tagged  deletion 
derivatives  of  pX01.i:;Tn977  from  UM23  tplA  (UM23C1  tds4d  and  tds9).  The  location  of  Tn977  in  pXOl.1 
from  UM23  tplA  is  in  the  38.7-kb  BamHI  fragment  creating  a  fragment  approx.  46  kb  in  size.  The  altered 

38.7- kb  BamHI  fragment  remained  intact  within  the  deletion  derivatives  from  UM23C1  tds4d  and  tds9.  As 
discussed  previously,  Tn917  contains  one  Sa/i  restriction  site  that  is  located  almost  in  the  middle  of  the 
transposon.  Double  digestion  of  the  deletion  derivatives  from  tds4d  and  tds9  showed  that  the  altered  38.7- 
kb  BamHI  fragment  is  cut  by  Sa/I  into  three  fragments,  32  kb,  6.9  kb,  and  5.2  kb  in  size,  with  the  6.7-kb 
SamHI-Sa/l  fragment  missing  (data  not  shown).  These  results  showed  that  Jn917  is  located  within  the  6.7- 
kb  BamHI-Sa/l  fragment  and  that  the  38.7-kb  BamHI  fragment  contains  the  32-kb  and  6.7-kb  SamHI-Sa/l 
fragments.  Thus  the  19,9-kb  fragment  must  be  cleaved  by  Sal\  producing  the  13.9-kb  and  6.0-kb  BamHI- 
Sal\  fragments  and  the  14.6-kb  must  be  cut  by  Sail  generating  the  11.5-kb  and  2.8-kD  6amHI-Sa/l 
fragments. 

The  SamHI-Sa/l  restriction  profiie  for  pXOI  (Sterne)  differed  from  that  observed  for  pXOI.1 
(Weybridge  A  UM23).  As  predicted  from  Fig.  4,  the  BamHI  restriction  pattern  of  pXOI  (Sterna)  is  missing 
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the  34.8-kb  and  14.S-kb  Sa/nHI  fragments  but  it  contains  a  29-kb  and  19.5-kb  BamH!  fragment.  The 
fragments  generated  by  5a/l  digestion  of  the  3S.7-kb  and  19.9-kb  SamHI  fragments  were  similar  in  size  to 
those  generated  for  the  same  fragments  from  pXOl.l  (Weybridge  A  UM23),  The  29-kb  SamHI  fragment 
was  cut  by  Sa/I  into  two  fragments,  26.2-kb  and  2.8-kb  in  size.  This  2.8-kb  Ba/nHI-Sa/l  fragment 
comigrates  with  that  generated  from  digestion  of  the  14.6-kb  BamHI  fragment  of  pXOl.1  (Weybridge  A 
UM23).  These  results  supported  the  evidence  suggesting  that  the  14.6-kb  BamH!  fragment  of  pXOI.1 
(Weybridge  A  UM23}  is  homologous  to  the  29-kb  BamHI  fragment  of  pXOl  (Sterne). 

DNA'ONA  hybridization  analysis  of  the  end  restriction  fragments  of  the  inverted  region  of 
pXOI.1  (Weybridge  A  UM23)  and  pXOI  (Sterne).  To  provide  evidence  that  an  inversion  had  occurred 
within  the  toxin-encoding  region,  restriction  fragments  encompassing  the  ends  of  the  inverted  segment 
(shown  in  Fig.  5  with  diagonal  lines)  were  used  in  DNA-DNA  hybridizations  to  probe  the  SamHI-  and  Psfl- 
digested  plasmids  from  Sterne  (USAMRIlO)  and  from  Weybridge  A  UM23.  The  34.8-kb  and  14.6-kb  BamHI 
fragments  of  pXOI.1  (Weybridge  A  UM23)  and  the  19-kb  and  8.6-kb  Pstt  fragments  of  pXOl  (Sterne)  were 
electroeluted  and  labelled  by  random  priming  with  digoxigenin-labelled  dUTP.  The  results  of  these 
experiments  are  shown  in  Table  13  and  the  probable  ends  of  the  inversion  are  depicted  in  Fig.  5.  As 
predicted  above,  the  34.8-kb  and  the  14.6-kb  SamHI  fragments  of  pXOI.1  (Weybridge  A  UM23)  share 
homology  with  the  29-kb  SamHI  fragment  of  pXOI  (Sterne).  The  34.8-kb  SamHI  fragment  also  shares 
homology  with  the  19.5-kb  BamHI  fragment  of  pXOl  (Sterne),  Similarly,  the  19-kb  and  the  8.6-kb  Pstt 
fragments  of  pXOI  (Sterne)  share  homology  with  the  18,7-kb  and  the  9.3-kb  Pstt  fragments  of  pXOI.1 
(Weybridge  A  UM23).  The  results  of  this  hybridization  analysis  confirm  that  an  inversion  involving  a 
segment  of  pXOl  as  large  as  40  kb  has  occurred  (Fig,  5).  To  determine  whether  inverted  repeats  or 
insertion  sequences  were  responsible  for  the  inversion,  the  ends  of  the  inverted  segments  from  pXOl.l 
(Weybridge  A)  and  pXOI  (Sterne)  will  be  cloned  and  sequenced. 

Phenotypic  characterization  of  Sterne  (USAMRIID)  and  Weybridge  derivatives.  As  described 
previously,  Weybridge  A  exhibited  differences  in  pXOI -associated  phenotypes  from  those  observed  for 
Weybridge  UM44.  The  Weybridge  A  strain  was  isolated  from  the  Weybridge  strain  as  a  result  of  its  ability 
to  grow  better  on  minimal  medium,  a  phenotype  that  was  later  found  to  be  associated  with  the  presence  of 
pXOI  (11, 16).  Other  differences  in  plasmid-associated  phenotypes  include  extent  and  rate  of  sporulation 
and  sensitivity  to  bacteriophages.  For  these  reasons  the  plasmid  from  Weybridge  UM44-1  has  been 
designated  as  pXOI  and  that  from  Weybridge  A  as  pXOl.l. 

Table  14  lists  the  plasmid-associated  phenotypes  tested  for  S.  anthmcis  Weybridge  derivatives  and 
Sterne  (USAMRIID).  Sterne  (USAMRIID)  exhibited  phenotypes  similar  to  those  observed  for  Weybridge, 
Weybridge  UM44-1,  and  Weybridge  B.  These  strains  sporulated  extensively  at  37°C,  grew  poorly  on 
minimal  medium,  were  sensitive  to  the  bacteriophage  CP-51,  and  produced  about  the  same  amounts  of 
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PA.  With  the  exception  of  the  amount  of  PA  produced  by  these  strains,  Weybridga  A  UM23  exhibited 
different  phenotypes.  Weybridge  A  UM23  was  oligosporogenous  at  37°C.  grew  well  on  minimal  medium, 
and  was  altered  in  its  sensitivity  to  CP-51.  The  plasmids  from  Weybridge,  Weybridge  UM44-1,  and 
Weybridge  B  like  that  from  Weybridge  A  UM23  carry  the  toxin-encoding  region  in  the  3  orientation; 
whereas,  the  plasmid  from  Sterne  (USAMRIID)  carries  this  region  in  the  a  orientation.  Based  on  these 
results  no  phenotypic  differences  could  be  attributed  to  the  inversion  thus  far. 

III.  Physical  and  genetic  analysis  of  the  B.  anthracis  capsule  plasmid  pX02 

Until  recently  B.  anthracis  strains  harboring  pX02  could  be  divided  into  three  groups  with  respect  to 
capsule  phenotype;  (i)  strains  that  produce  capsule  only  when  grown  on  media  containing  bicarbonate 
and  incubated  in  a  C02-rich  atmosphere  (Cap®'*’,  wild-type  phenotype);  (ii)  mutants  that  produce  capsule 
when  grown  in  air  in  the  absence  of  bicarbonate  (Cap®'*’  phenotype);  and  (iii)  mutants  that  are 
noncapsulated  under  all  growth  conditions  yet  retain  pX02  (Cap*  phenotype).  Utilization  of  the 
temperature-sensitive  transposition  selection  vector  pTVl  has  allowed  the  isolation  of  a  collection  of 
pX02:;Tn977  derivatives.  In  addition  to  the  mutant  phenotypes  described  above,  insertion  mutants  exhibit 
the  following  phenotypes:  (0  Mutants  that  produce  greater  amounts  of  capsular  material  than  wild  type  in 
the  presence  of  bicarbonate  and  CO2;  (ii)  Mutants  that  are  C02-independent  for  capsule  synthesis  and 
whose  growth  is  inhibited  by  bicarbonate;  (iii)  Mutants  that  are  Cap'*'  when  grown  in  air,  and  whose 
growth  is  inhibited  by  CO2;  (iv)  Mutants  that  require  COg  for  growth  and  are  Cap'*’  in  the  presence  of 
COg  and  bicarbonate. 

Although  pX02  has  been  demonstrated  to  be  involved  in  capsule  synthesis  by  8.  anthracis  (2)  and 
although  some,  if  not  all,  of  the  structural  genes  have  been  cloned  (7),  little  is  known  regarding  possible 
regulatory  genes  which  may  be  present  on  the  plasmid.  The  phenotype  of  some  insertion  mutants 
suggest  that  Tn577  may  be  inserted  in  sequences  involved  in  bicarbonate  regulation  of  capsule  synthesis. 
Restriction  and  DNA-DNA  hybridization  analysis  have  shown  that  in  18  out  of  20  insertion  mutants 
examined  so  far,  Tt\917  has  inserted  in  regions  outside  of  the  cap  structural  genes  reported  by  Makino,  et 
al.  (7).  These  findings  suggest  that  the  insertions  may  be  interrupting  regulatory  functions. 

Efforts  in  my  laboratory  have  been  concentrated  on  characterization  of  insertion  mutants  and 
location  of  the  cap  structural  genes  on  pX02.  Restriction  analysis  with  different  enzymes  has  been 
conducted  to  narrow  the  location  of  the  putative  regulatory  regions  and  they  have  revealed  two  regions 
that  may  contain  sequences  responsible  for  regulation  of  caosule  synthesis.  Experiments  are  in  progress 
to  clone  these  two  regions. 
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Restriction  analysis  of  the  Tn917>tagged  pX02  derivatives  from  B.  anthracis  4229  tJMl2.  To 
locate  the  insertions  in  the  pX02::Tn9f7  derivative  restriction  analysis  with  several  restriction 
endonucleases  have  been  performed.  Results  show  that  Tn9/7  inserted  into  a  number  of  different  sites  in 
pX02.  The  locations  of  Tn977  were  confirmed  in  all  cases  by  DNA-DNA  hybridizations  using  digoxigenin* 
labelled  ln917  as  a  probe.  Results  obtained  from  £coRl  digestions,  Mndlll  digestions,  and  C/al  digestions 
are  shown  in  Tables  15, 16,  and  17,  respectively.  Several  of  the  insertion  mutants  show  phenotypic 
alterations  and  the  phenotypes  of  some  of  them  suggest  that  Tnd17  is  inserted  in  sequences  involved  in 
regulation  of  capsule  synthesis.  Examples  of  some  of  these  mutants  that  CEury  insertions  in  presumed 
regulatory  genes  are  tp49  and  tp60  which  seem  to  be  polypeptide  overproducers  in  the  presence  of  CO2 
and  bicarbonate;  tp24,  a  Cap^'*'  strain,  which  produces  capsule  in  the  absence  of  added  bicarbonate  and 
CO2;  and  tp21  which  is  Cap'  under  all  growth  conditions.  Each  of  these  has  Tn977  inserted  in  (i)  a  6.3-kb 
£coRI  fragment  that  migrates  in  electrophoretic  gets  as  part  of  a  doublet;  (ii)  a  13-kb  HindWl  fragment;  and 
(iii)  a  10.5-kb  C/al  fragment.  However,  not  all  insertions  within  these  regions  affected  capsule  productbn 
(e.g.,  tp3  and  tp4).  As  shown  in  Tables  15,  16,  and  17,  the  tagged  plasmids  from  tp6  and  tp38  are 
missing  more  than  one  fragment.  The  resulting  Cap'  phenotype  of  these  fransposants  may  be  caused  by 
deletion  of  these  fragments. 

EcoRi  restriction  analysis.  All  of  the  mutants  described  immediately  above  are  missing  one  of  the 
6.3-kb  EcoRI  fragments.  Insertion  of  Tn977  into  a  6.3-kb  fragment  should  produce  a  new  fragment 
approximately  1 1.9  kb  in  size  (6.3  kb  +  5.6  kb  from  Tn977).  However,  in  all  instances,  except  for  tp24  and 
tp21,  the  new  fragment  was  smaller  than  expected,  suggesting  that  deletions  which  are  probably  mediated 
by  Tn977  must  have  occurred.  Tn977  insertion  in  tp7  has  been  located  within  a  2.2-kb  £coRI  fragment 
that  is  also  part  of  a  doublet. 

H/ndlll  restriction  analysis.  H/ndiil  cleaves  Tn977  into  three  fragments  approximately  3.0  kb,  1.3 
kb,  and  1.3  kb  in  size.  The  3.0-kb  fragment  represents  one  end  of  the  transposon  which  encodes  the  erm 
gene  and  one  of  the  1.3-kb  fragments  represents  the  other  end  of  the  transposon.  The  remaining  1.3-kb 
fragment  represents  the  Tn977  internal  fragment.  As  a  result  the  TnS77  probe  should  be  expected  to 
hybridize  to  three  new  fragments  in  H/rrdlll-digested  plasmids  from  insertion  mutants.  These  results  are 
shown  in  Table  16.  Mutants  with  altered  phenotype  with  respect  to  capsule  production  showed  insertion  of 
Tn977  within  the  largest  W/rrdlll  fragment.  Two  of  the  insertion  mutants  are  polypeptide  overproducers,  two 
are  COg-independent  for  capsule  synthesis  and  one  is  unable  to  synthesize.  However,  not  all  insertions 
within  this  region  affected  capsule  production,  e.g.,  tp3  and  tp4. 

C/a!  restriction  anaiysis.  C/a!  cleaves  Tn977  into  6  fragments  approximately  2.1  kb.  1.5  kb.  1.1  kb, 
0.5  kb,  0.3  kb.  and  0.1  kb  in  size.  The  0.3-kb  and  0.1-kb  fragments  represent  the  ends  of  the  transposon, 
the  remaining  fragments  represent  the  Tn977  internal  fragments.  Although  the  Tn977  probe  should  be 


expected  to  hybridize  to  6  new  fragments  from  C/al-digested  plasmids  from  insertion  mutants,  only  three 
fragments  show  hybridization.  The  amounts  of  ln917  in  the  smallest  internal  fragment  and  the  fwo  end 
fragments  are  too  small  to  be  detected  by  the  ln917  probe.  The  altered  fragments,  the  new  fragments 
from  C/al-digested  plasmids  from  insertion  mutants  and  the  fragments  that  hybridize  to  the  lr\917  probe 
are  shown  in  Table  17. 

These  analyses  of  pX02  from  the  insertion  mutants  have  made  it  possible  to  locate  more  precisely 
the  Tn9t7  insertions  on  the  pX02  restriction  map  reported  by  Robertson  (10).  Based  on  this  map  as  a 
reference,  the  location  of  Tn9l7  insertions  appeared  in  18  out  of  20  mutants  examined  thus  far  to  have 
interrupted  regions  on  pX02  which  are  external  to  the  cap  structural  genes.  We  have  suggested 
previously  that  a  region  may  exist  in  the  6.3-kb  £coRl  fragment  (that  is  part  of  a  doublet)  which  plays  a 
role  in  regulation  of  capsule  synthesis.  The  6.3-kb  fcoRI  fragment  has  been  shown  to  be  nested  within 
the  13-kb  Hindttl  fragment  and  to  be  part  of  the  10.5-kb  C/al  fragment,  narrowing  the  location  of  the 
putative  regulatory  region.  These  restriction  analyses  have  revealed  also  that  the  2,8-kb  H/ndlll  fragment 
may  contain  another  region  involved  in  regulation  of  capsule  synthesis.  The  locations  oiln917  insertion  in 
several  mutants  are  shown  in  Fig.  6. 

To  study  the  regions  of  pX02,  which  appear  to  be  involved  in  regulation  of  capsule  synthesis,  it 
would  be  advantageous  to  clone  the  fragments  into  a  small  multicopy  vector.  One  option,  which  has 
been  successful  for  cloning  restriction  fragments  from  pXOI,  would  be  to  clone  in  E.  coti  DH5a  using  the 
pB!uescriptllKS4-  cloning  vector.  Experiments  are  in  progress  to  clone  these  putative  regulatory  regions.  If 
we  are  successful  in  cloning  these  regions,  we  will  use  the  clones  in  complementation  experiments  to 
determine  whether  the  cloned  genes  are  involved  in  regulation  of  capsule  synthesis. 

Location  of  cap  structural  genes  on  pX02.  The  cloned  cap  structural  genes  were  isolated  from 
pUBCAPi  (obtained  from  I.  Uchida)  and  used  in  DNA-DNA  hybridization  experiments  to  locate  the  cap 
genes  on  pX02  from  B.  anthracis  4229  UM12.  6602  and  several  4229  UM12  insertion  mutants.  The  cloned 
structural  genes  represent  the  3.8-kb  and  2.5-kb  Xbal  fragments  of  pX02  from  strain  Davis  TE702  and 
correspond  to  the  G  and  J  fragments,  respectively,  on  the  pTE702  restriction  map  constructed  by  Uchida, 
et  al.  (22).  The  cloned  fragments  from  pUBCAPI  were  isolated  from  gels  by  electroelution,  labeled  with 
digoxigenin-labeled  dUTP  and  used  as  probes  in  DNA-DNA  hybridization  experiments. 

In  summary,  the  2.5-kb  Xfaal  fragment  (J  fragment)  hybridized  to  the  following  fragments  of  pX02 
from  wild-type  strains  TE702,  4229  UM12,  and  6602;  (i)  2.5-kb  Xba\  fragment,  (ii)6.6-kb,  4.2-kb.  0.8-kb,  and 
0.6-kb  H/rtdIII  fragments,  (iii)  2.6-kb.  and  1.5-kb  C/al  fragments,  and  (iv)  2.2-kb  fcoRI  fragment.  The  3.8-kb 
Xfaa!  fragment  (G  fragment)  hybridized  to  the  following  fragments  of  pX02  from  the  wild-type  strains;  i)  3.8- 
kb  Xfaal  fragment,  ii)  4.2-kb  HindlW  fragment,  iii)  5-2-kb  C/al  fragment,  and  iv)  1.8-kb  and  1.5-kb  EcoRI 
fragments.  These  results  are  shown  in  Table  18. 
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The  fragments  containing  the  cap  structural  genes  hybridized  to  the  corresponding  HindlW  fragments 
in  the  restriction  map  of  pTE702  as  reported  by  Uchida,  et  al.  (22).  and  to  the  similar  Mndlll  fragments 
depicted  in  Robertson’s  map  of  pX02.  The  results  from  C/al  restriction  and  hybridization  analysis  conflict 
with  Robertson's  C/al  restriction  map  of  pX02.  Our  data  suggested  that  the  locations  of  the  2.6-kb  and  the 
1.5-kb  C/al  fragments  should  be  inverted.  These  results  were  confirmed  with  the  location  of  Jr\917 
insertion  in  mutant  tp40.  Tp40  shovi/s  insertion  of  Tn9f  7  in  the  0.8-kb  Wndlll  fragment  as  well  as  in  the 
1 .5-kb  C/al  fragment.  It  would  be  impossible  to  map  this  insertion  in  Robertson’s  map  of  pX02  since  the 
O.S-kb  HindWl  fragment  and  the  1 .5-kb  C/al  fragment  do  not  overlap  in  that  map.  Once  the  position  of 
these  two  fragments  is  inverted,  the  results  are  consistent  with  the  map. 

The  labelled  fragments  from  pUBCAPI  were  also  used  in  DNA-DNA  hybridization  experiments  to 
probe  some  of  the  insertion  mutants  to  determine  whether  tn9f7  was  located  in  any  of  the  cap  genes.  In 
2  out  of  20  insertion  mutants  examined  so  far  (tp7  and  tp40),  Tn9/7  has  been  localized  within  the  cap 
region.  Two  other  mutants,  tp6  and  tp38,  exhibit  deletions  of  about  20  kb  and  50  kb  respectively.  These 
deletions  which  include  the  cap  region  were  probably  mediated  by  Tn9/7. 

Analysis  of  pX02::Tn9t7  from  mutant  tp24>17,  a  deletion  derivative.  Mutant  tp24'17  has  a 
deleted  version  of  pX02  which  is  approximately  only  10.5  kb  in  size  including  the  transposon.  Tp24-17 
makes  smooth,  but  not  mucoid,  colonies  when  grown  in  the  presence  of  bicarbonate  and  COg.  However, 
the  amount  of  capsular  material  produced  (if  the  smooth  phenotype  is  indeed  a  reflection  of  synthesis  of 
capsular  material)  is  much  less  than  that  observed  for  wild-type  pX02-containing  strains.  Evidence  that 
this  mutant  synthesizes  some  component  of  the  capsule  comes  from  experiments  with  bacteriophage  CP- 
54  which  can  not  adsorb  to  encapsulated  cells,  allowing  selection  of  encapsulated  cells.  Smooth  cotonies 
of  tp24-17  appear  after  two  days  of  incubation  on  plates  spread  with  CP-54.  Results  from  DNA-DNA 
hybridization  experiments  show  that  the  mutant  plasmid  in  tp24  does  not  contain  any  of  the  cap  structural 
genes  identified  by  Makino,  et  al.  (7,  8).  However,  colonies  of  tp24-17  are  more  smooth  than  colonies  of 
strain  TE704  which  is  the  strain  containing  the  cloned  cap  structural  genes  in  plasmid  pUBCAPl.  These 
results  suggest  that  this  plasmid  may  contain  a  structural  gene  encoding  an  additional  component  of  the 
capsule. 

Plasmid  DNA  from  tp24-17  gives  two  new  fragments  upon  digestion  with  EcoRI,  a  7.8  kb  fragment 
and  a  2.7  kb  fragment.  These  fragments  were  isolated  by  electroelution,  labeled  with  digoxigenin-labeled 
dUTP,  and  used  as  probes  in  DNA-DNA  hybridization  experiments  to  (i)  locate  their  origin  on  pX02  from  B. 
anthracis  4229  UM12,  and  (ii)  detect  any  homology  with  pX02  from  B.  anthracis  6602,  plasmid  DNA  from 
strain  TE702,  and  the  cloned  cap  structural  genes  in  pUBCAPl. 

The  fragments  of  pX02  ana  pTE702  to  which  each  of  the  probes  hybridized  are  listed  in  Table  19, 

In  summary,  the  7.8-kb  EcoRI  fragment  hybridized  to  the  following  fragments  of  pX02  and  pTE702  from 
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wild-type  strains;  (i)  6.3-kb  and  4.2-kb  £coRI  fragments,  (if)  13-kb  H/ndlll  fragment,  (iii)  8.2-kb  Xbal 
fragment.  Similarly  the  2.7-kb  EcoRl  fragment  hybridized  to  the  following  fragments  in  pX02  and  pTE702 
from  wild-type  strains;  ( i)  2.7-kb  EcoRl  fragment,  (ii)  13-kb  Wndill  fragment,  (iiO  8.5-kb  Xfaal  fragment.  No 
homology  was  found  with  the  cap  structural  genes  identified  by  Makino,  et  al.  (7,  8). 

Analysis  of  insertion  mutants  that  appear  to  be  polypeptide  overproducers.  We  reported 
previously  that  some  insertion  mutants  (tp49,  tpSO,  and  tp60)  appear  to  be  polypeptide  overproducers. 

The  stringy  properties  of  their  colonies,  the  confluent  growth  they  form  on  agar  plates,  and  the  loss  of 
capsular  m^eriai  in  a  short  period  of  time  resemble  polypeptide  production  by  B.  lichenifonmis.  Tn917  has 
been  shown  by  ONA-ONA  hybridizatbn  experiments  to  be  located  in  the  chromosome  of  tpSO  and  in  the 
capsule  plasmid  of  tp49  and  tp60.  The  phenotype  of  tp60  is  different  from  that  of  tp49  and  tp50  in  that 
tp60  is  C02*independent  for  synthesis  of  capsular  material.  However,  it  overproduces  capsuiar  material 
only  when  it  is  grown  in  the  presence  of  002-  Restriction  analysis  of  plasmid  DNA  from  strains  tp49  and 
tp60  show  the  same  restriction  pattern  with  insertion  of  Tn9f  7  within  the  same  fragment.  To  determine 
whether  the  orientation  of  Tn977  might  account  for  the  difference  in  these  phenotypes,  the  orientation  of 
Jn917  was  determined  by  probing  the  Mndlll-digested  plasmids  with  the  Aval  arms  of  Jn917.  The  results 
show  that  Tr«977  is  in  the  same  orientation  in  pX02  from  both  of  these  mutants. 

Colonies  of  the  mutants  that  are  overproducers  of  glutamyl  polypeptide  are  extremely  mucoid  and 
they  spread  over  the  agar  surface  much  more  than  do  colonies  of  the  encapsulated  wild-type.  As  noted 
above,  the  capsular  material  produced  by  the  mutants  appears  to  *dry  up"  after  a  rather  short  time  of 
incubation.  It  appeared  to  us  that  the  material  was  probably  being  degraded.  This  is  characteristic  of  B. 
licheniformis  strains  which  produce  glutamyl  polypeptide  and  which  also  produce  a  peptidase  that 
hydrolyzes  the  peptide.  This  enzyme  has  not  been  shown  to  be  produced  by  8.  anthracis.  However, 
results  of  further  experiments  have  suggested  another  possibility.  We  observed  that  when  cells  were 
grown  on  top  of  a  dialysis  membrane  spread  over  the  agar  surface,  the  capsular  material  was  produced  in 
large  quantities  but  it  did  not  "dry  up"  or  disappear  in  the  way  that  it  appeared  to  when  cells  were  grown 
directfy  on  the  agar  surface.  It  now  appears  to  us  that  in  the  overproducing  mutants  the  capsular  material 
is  not  "contained"  in  the  same  way  that  it  is  in  wiid-type  cells,  and  it  is  therefore  free  to  diffuse  into  the  agar 
medium.  However,  when  a  dialysis  membrane  separates  the  cells  from  the  agar  surface,  the  material  can 
not  go  through  the  membrane  and  thus  persists  on  the  surface.  These  observations  and  interpretations 
suggest  that  the  capsule  of  wild-type  B.  anthracis  contains  more  than  glutamyl  polypeptide. 

Quantitative  determination  of  glutamyl  polypeptide  produced  by  "overproducing"  mutants.  To 
conduct  quantitative  determinations  on  the  composition  and  amount  of  capsular  material  produced  by 
some  of  our  interesting  transposants  of  strain  4229  which  have  Tn977  inserted  in  pX02,  it  was  desirable  to 
have  a  synthetic  medium  that  would  support  capsule  formation  and  polypeptide  synthesis  to  the  extent 
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that  many  natural  media  do.  Strain  4229  does  not  grow  on  minimal  XO  medium  and  it  grows  pooriy  on 
minimal  IB,  which  is  a  suitable  medium  for  growth  of  some  strains.  Atter  testing  a  variety  of  additions  to 
minimal  IB,  we  arrived  at  the  following  medium  which  we  designate  medium  IIIB.  The  imposition  in 
grams  per  liter  is  as  follows: 


Minimal  ii!B 


L-leucine 

0.32 

L-giutamic  acid 

0.40 

L-valine 

0.32 

giycine 

0.40 

L-alantne 

0.32 

nicotinamide 

0.01 

L-serine 

0.32 

thiamine.HCI 

0.01 

L-threonine 

0.32 

glucose 

5.0 

L-proline 

0.32 

(NH4)2S04 

2.0 

L-phenylalanine 

0.32 

KH2PO4 

6.0 

L-glutamine 

0.32 

K2HPO4 

14.0 

L-histidine 

C.32 

trisodium  citrate 

1.0 

L-arginine 

0.32 

MgS04.7H2O 

0.4 

L-isoleucine 

0.32 

MnS04.H20 

0.05 

L-asparagine 

0.32 

CaCl2.2H20 

0.15 

L-methionine 

0.32 

FeS04 

0.02 

Dialysis  membranes  were  placed  on  minimal  IIIB-NaHCOg  agar  plates  and  three  loopfuls  of  cells 
grown  on  LPACOg  medium  (for  wild-type  strain)  and  LPACO3  containing  erythromycin  and  lincomycin  (for 
mutants)  were  spread  on  each  of  three  plates.  One  set  of  three  plates  was  incubated  at  37°C  in  20%  COg 
for  24  hours  and  another  set  was  incubated  under  the  same  conditions  for  48  hours.  After  incubation  the 
membranes  from  three  plates  were  removed  from  the  agar  surface  with  forceps,  placed  in  a  beaker 
containing  35  ml  of  distilled  water,  and  autoclaved  for  30  minutes  at  121  °C  to  extract  the  peptide.  After 
autoclaving,  the  membranes  were  discarded  and  cells  were  removed  by  centrifugation.  The  supernatant 
samples  were  analyzed  for  glutamyl  polypeptide  by  determining  free  glutamic  acid  (by  paper 
chromatography)  before  and  after  acid  hydrolysis  (5, 21).  Results  from  these  experiments  showed  that  the 
‘overproducer*  mutants  did,  in  fact,  produce  considerably  larger  amounts  of  glutamyl  polypeptide  than  did 
the  parental  wikJ-type  strain.  The  averages  of  results  from  four  experiments  are  shown  in  Table  20. 

Results  are  expressed  as  mg  of  glutamic  acid  per  mg  of  cell  dry  weight. 

Preliminary  results  of  experiments  to  determine  the  proportions  of  L-  and  D-glutamic  acid  in  the 
polypeptide  indicate  that  greater  than  90%  of  the  glutamic  acid  released  upon  acid  hydrolysis  of 


-33- 


preparatbns  from  the  wild-type  parent  strain,  as  well  as  from  the  overproducing  mutants,  is  comprised  of 
the  D-isonner. 

B.  anthracis  4229  UM12  (carrying  wild-type  pX02)  as  well  as  insertion  mutants  tp49,  tp50.  and  tp60 
grow  well  on  minimal  lilB  and  all  four  strains  produce  capsules  on  minimal  IIIB  agar  containing  bicarbonate 
and  incubated  in  CO2.  However,  tp60  which  is  CO2  independent  for  capsule  synthesis  on  rich  media 
such  as  LPA,  is  not  capsulated  when  grown  on  minimal  IIIB  in  the  absence  of  added  bicarbonate  and 
CO2.  We  tested  each  component  of  minimal  IliB  individually  to  determine  whether  capsule  synthesis  by 
tp60  grown  on  minimal  IIIB  agar  in  air  was  inhibited  by  any  of  them.  None  of  the  components  was  found 
to  be  inhibitory.  Thus,  it  appears  that  LPA  medium  contains  something,  not  present  in  minimal  IIIB,  that 
promotes  capsule  synthesis  by  tp60  in  the  absence  of  added  bicarbonate  and  002-  A  large  number  of 
compounds  including  vitamins,  amino  acids,  purines,  and  pyrimidines,  have  been  tested  but  thus  far  none 
has  been  found  to  be  effective  in  promoting  capsule  synthesis  on  minimal  IIIB  in  the  absence  of 
bicarbonate  and  CO2.  This  phenotype  appears  to  be  particular  to  tp60  since  other  mutants  that  are  Cap*^ 
in  air  on  LPA  agar  medium  are  also  Cap'*’  in  minimal  IHB  agar  medium  when  incubated  In  air. 

IV.  Investigation  of  phage  TP-21  whose  prophage  is  a  plasmid 

We  have  shown  that  the  46-kb  plasmid  of  Bacillus  thuringiensis  subsp.  kurstaki  strain  HD-1  is  the 
prophage  of  a  phage  which  we  have  named  TP-21  (12-14,  17,  18).  This  appears  to  be  the  first  phage  with 
a  plasmid  prophage  described  for  the  genus  Bacillus.  We  have  shown  that  TP-21  is  a  generalized 
transducing  phage.  It  is  likely  that  some  of  the  transfer  of  genetic  material  attributed  by  other  workers  to 
conjugation-like  processes  in  this  strain  is  the  result  of  TP-21 -mediated  transduction.  TP-21  plaque-forming 
particles  contain  greater  than  48  kilobase  pairs  of  DNA  which  appears  to  be  circularly  permuted  and 
terminally  redundant.  We  isolated  TP-21  lysogens  which  have  the  5.2-kb  MLS  resistance  transposon 
7n917  inserted  in  the  prophage.  Although  insertion  of  Tn977  rendered  some  isolates  defective,  several 
isolates  carrying  this  element  produced  viable  phage  which  confer  erythromycin  resistance  upon 
lysogentzed  hosts.  Results  of  tests  with  TP-21  ::Tn977  demonstrate  a  broad  host  range  anvcng  B.anthmcis, 
B.cemus  and  B.thuringien^s  strains. 

TP-21  tysogens  were  very  stable  during  growth  at  high  temperatures.  A  mutant  of  TP-21,  TP-21  c7, 
was  isolated  following  nitrosoguanidine  mutagenesis  of  a  B.anthracis  lysogen;  this  derivative  appears  to  be 
temperature  sensitive  for  replication.  B.  cereus  lysogens  of  TP-21c7  grown  at  30oC  stably  maintain  the 
plasmid  prophage.  At  42°C  strains  apparently  cured  of  TP-21  c7  could  be  isolated  from  broth  cultures 
grown  from  lysogens.  A  derivative  of  TP-21c7  was  isolated  which  has  Jn917  inserted.  Lysogens  of  the 
transposon-tagged  derivative,  like  those  of  the  parental  mutant  phage,  were  stable  at  30°C  but  apparently 
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could  be  cured  of  the  prophage  at  42°C.  For  tnany  reasons  TP-21c7:;Tn9/7  seemed  as  If  it  should  serve 
as  an  ideai  transposition  selection  vector.  However,  several  experiments  in  which  it  was  tested  as  a 
mutagenic  vehicle  were  unsuccessful.  The  reasons  for  this  were  not  clear. 

However,  results  of  experiments  curing  this  reporting  period  have  shown  that  the  temperature* 
sensitive  mutant  of  TP-21  which  is  tagged  with  Tn9t7  mutates  to  defective  forms  during  the  curing 
procedure  at  42®C  in  the  presence  of  erythromycin  and  lincomycin.  Thus,  colonies  that  appeared  to  be 
transposants,  i.e.,  ones  that  retained  MLS  resistance  and  seemed  to  be  cured  of  TP-21  because  they 
produced  no  tysis  when  planted  in  indicator  lawns,  were  not  transposants.  Instead  they  harbored  defective 
mutants  of  TP-21  which  retained  Jn917.  Electrophoretic  gels  of  plasmid  extracts  of  presumed  transposants 
revealed  defective  prophage  plasmids  of  various  sizes.  Because  the  presence  of  erythromycin  and 
lincomycin  during  the  curing  procedure  apparently  selects  for  phage  mutants  that  are  not  temperature 
sensitive  for  replication,  we  carried  out  some  experiments  In  which  the  curing  procedure  was  done  without 
selection  for  antibiotic  resistance.  These  experiments,  however ,  were  unsuccessful.  The  frequency  of 
MLS^  colonies  that  were  cured  of  TP-21  was  too  low  for  this  procedure  to  be  useful  for  transposon 
mutagenesis.  We  have  discontinued  work  on  this  problem  so  that  we  might  put  our  full  effort  into  studying 
the  biology  of  the  B.  anthrads  plasmids  pXOl  and  pX02.  It  is  conceivable,  however,  that  we  wilt  do  some 
work  on  TP-21  in  the  future  if  time  permits. 
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strain  Relevant  characteristics  Plasmids  Source  or  reference 


5K 

*o 

Zi 

IS 

JZ 

H 


•o 

:3 


JZ 


i 

49 

c: 

>* 

>* 

4) 

C 

2 

Urn 

0 

£ 

1 

Ww 

0 

r: 

►- 

h- 

ts 

if) 

1- 

cd 

03 

JZ 

<fi 

£ 

cd 

d 

d 

H 

H* 

d 

c 

.e 

S 

4) 

T3  O 

11 
K  0) 
^  -D 

o 

X 

CL 


c 

.S 

© 

© 

•O  ® 

.a 

1 1 
*r  ® 
i-' 

5 

1 


s 

o. 


S 

a. 


'r: 

c\i 

6S 


O)  <5 

C  iT 

h;  *7; 
iJ.  oi 

5g 

X  a 
a. 


g 

a 


&> 

O 


+ 

S' 

o 


n) 

Zi 


Kt3 

w 

D 


s 

a. 

«■« 

S3 

s 

:d 

< 

© 

O) 

3 

w 

>. 

I 


*<»■ 

K 

Q. 

S3 

s 

o 

< 

« 

O) 

•E 

£ 

S' 


CM  04 


3  2  S  i 

^  B  ;0  ■£: 

>.>»>• 

©  ©  © 

5  5  5 


CO 

© 

O) 

2 

> 

I 


(0  (0 
S  3 
jr  x; 
o  o 
3  ZD 


CM 

O 

UJ 


3 

CL 


cd 

u 

2 

2 

*fc 

!3 

2 

+ 

u 

c+ 

Ura' 

ct: 

w 

+ 

a. 

a 

's 

's 

w 

‘fc 

(C 

cr 

Tox 

(0 

0 

n 

U 

» 

1 

3 

- 

+  * 

lira 

a 

D 

■g 

H" 

P 

49 

C 

2 


CO 

d 


>H 

>• 

*u 

•D 

T5 

2 

ts 

V) 

VJ 

.!2 

<A 

Ic 

£ 

z 

K 

H- 

h- 

cv 

g 

CL 


Oil  Oil 
c  c 
K  H 


0)1 

c 

t- 


CV  04  04 

o  o  o 

XXX 
CL  a.  CL 


%  "e  “e 

o  o  o 

I  -3 

Z  2  2  2 


+  ^ 

U  (0 

Or  Z 
(0  ^ 


nj 

Z 


05 

Z 


o 


+ 

o 


H  + 

J  o 

a  a  a 

<0  (0  (0 

000 


04 

'T 

0 

0 

</9 

t^ 

N. 

HI 

HI 

(0 

a 

I- 

1- 

3 

4) 

!3 

CL 


r) 

SI 

CM 


CO 

'*• 

a 

Q. 

a 

CM 

CM 

04 

2 

5 

2 

D 

D 

Z> 

0) 

0) 

CO 

CM 

CM 

CM 

CM 

04 

tr 

-40- 


4229UM12  tp6  Cap',  Nal^  MLS^  Cm®  pX02::Tn917  This  study 

4229UM12  tp7  Cap',  NaJ^  MLS^  Cm®  pX02::Tn917  This  study 
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4229UM12  tpt7  Cap®+.  Nal^  MLS^  Cn^ _  pX02::Tn9J7 _ This  study 
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T/^LE  2.  Restriction  analysis  of  pX01.1::Tn9f  7  derivatives  from  B.  anthmcis  Weybridge  A  UM23  insertion  mutants  vwth  Pstt  arxl  BamHI 


TABLE  3.  Localization  of  Tn9f 7  within  the  altered  BamHi  fragments  of  pXOl.1  from  various  insertion  mutants 

by  double  digestion  with  Ba/nHI  and  Sal\ 
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TABLE  4.  Protective  antigen  productbn  by  Weybridge  A  UM23  and  UM23  tp62 
grown  in  broth  at  37°C  with  shaking 


Medium^ 

PA  productfon  by^ 

UM23 

UM23  tp62 

CA  +  charcoal 

<1 

<1 

CA 

<1 

4« 

CA  +  charcoal  +  HS 

2= 

CA  -k  HS 

<1 

1'= 

CA  -f  bicarbonate  +  charcoal 

<1 

<1 

CA  +  bicarbonate 

<1 

<1 

CA  -1-  bicarbonate  -f  charcoal  +  HS 

1 

4 

CA  -I-  bicarbonate  +  HS 

1 

2 

CA(HEPES)  +  charcoal 

4<8 

>16<32 

CA(HEPES) 

<1 

32 

CA(HEPES)  +  charcoal  +  HS 

8 

>32<64 

CA(HEPES}  -I-  HS 

2 

>32<64 

CA(HEPES)  -I-  bicarbonate  +  charcoal 

16 

8 

CA(HEPES)  +  bicarbonate 

2 

16 

CA(HEPES)  -f  bicarbonate  +  charcoal 
-H  HS 

>16<32 

>32<64 

CA(HEPES)  -1-  bicarbonate  -f  HS 

>16<32 

>32<64 

®  CA,  casamino  acids  broth  (pH  6.9);  CA(HEPES),  CA  broth  with  0.05  M  KEPcS  (pH  7.5);  +,  an 
addition  was  made;  charcoal,  4%  Norit  A  was  added  to  a  final  concentration  of  0.2%;  bicarbonate, 
0.7%  sodium  bicarbonate  was  added;  HS.  heat-inactivated  horse  serum  was  added  to  a  final 
concentration  of  3%.  The  cultures  were  grown  in  250-ml  cotton-plugged  flasks  at  37°C  for  15  h 
with  slow  shaking  (100  rpm). 

^  PA  from  culture  filtrates  was  detected  by  double  immunodiffusion  using  goat  antiserum  to  S. 
&ithmcis  (provided  by  USAMRIID).  The  number  reported  reoresents  the  f  eciprocai  of  the  highest 
dilution  of  the  culture  filtrate  which  produced  a  visible  precipitin  line. 

®  PsrtiaJ  line  of  identity  with  PA. 
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me  as  for  Table  5  except  that  cultures  were  grown  in  CA-HEPES  broth  (pH  7.5)  without  bicarbonate  or  horse  serum, 
me  as  for  Table  5 . 
me  as  for  Table  5 . 

ire  than  one  precipitin  band  was  observed  suggesting  the  presence  of  degraded  prcxiucts. 

I,  not  determined. 
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TABLE  8.  Protective  antigen  production  by  Weybridge  A  UM23  tp29  and  tp62  derivatives 


Strain^ 

PA  Production® 

Medium  A 

Medium  B 

UM23  (pXOl.l)'*' 

32 

4<8 

UM23C1  (pXOl.l)* 

<0.1° 

<1 

UM23  tp62 

32<64 

32 

UM23C1-2  tr1-62 

32 

UM23C1-2  tr4*62 

ND 

32 

UM23  tp62Cl 

<1 

ND 

UM23  tp62C2 

<1 

ND 

UM23  tp29 

<0.1° 

ND 

UM23C1-2  tr1-29 

<0.1° 

ND 

®  Medium  A,  Casamino  acids-0.05  M  HEPES  (CA-HEPES)  broth  (pH  7.5)  containing  0.72%  sodium 
bicarbonate,  3%  horse  serum,  and  0J2%  Norit  A;  Medium  B,  CA-HEPES  containing  only  Norit  A. 
Cultures  were  grown  in  25Q-ml  cotton-plugged  flasks  at  37°C  for  15  h  with  staw  shaking  (100  rpm). 
PA  from  culture  filtrates  was  detected  by  double  immunodiffusion  using  goat  antiserum  to  B. 
anthmcis  (provided  by  USAMRilD).  The  value  reported  represents  the  reciprocal  of  the  highest 
dilution  of  the  culture  filtrate  which  produced  a  visible  precipitin  line. 

^  tr,  denotes  transcipient. 

^  The  cultures  filtrates  were  lyophitized  and  resuspended  in  gelatin-phosphate  diluent  to  one-tenth 
the  original  volume. 

ND,  not  determined. 
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Table  10.  Restriction  analysis  of  the  Sa/nHI  and  Psfi  fragments  located  within 
the  toxin-encoding  regfon  of  pXOl.1  (Weybridge  A  UK423) 


pXOl.1  fragment® 

Restrictbn  enzyme 
used  for  second  digestion® 

Restriction  fragments 
generated  from  second 
digestion  {id?) 

34.8-kb  BamHI  fragment 

Psfl 

9.3.  6.6,  6.3,  5.2,  4.7 

18.7-kb  Psfl  fragment 

BamHI 

14.6,  2.7°,  2.0® 

18.1-kb  Psfl  fragment 

BamHI 

13.9,  4.8® 

^  pXOl.1  from  Weybridge  A  UM23  was  digested  with  BamHt  or  Psti.  Following  electrophoresis  cm  an 
agarose  gel,  the  restriction  fragments  were  eluted  from  the  gel  and  precipitated  with  one-tenth 
volume  of  3  M  sodium  acetate  (pH  5.2)  and  2  volumes  of  100%  ethanol.  The  DMA  was  collected  by 
centrifugation  and  the  final  DMA  pellet  was  resuspended  in  TE  (100  mM  Tris-HCl,  1  mM  EDTA,  pH 
8.0) 

**  The  isolated  fragments  from  pXOI.1  were  then  digested  with  either  Psfl  or  BamHI. 

®  These  restriction  fragments  did  not  comigrate  with  any  SamHl  or  Psfl  restriction  fragments  from 
pXOl.1. 
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TABLE  12.  Sa/nHI  and  Sa/nHI-Sa/l  restriction  profiles  of  pXOl.1  from  Weybridge  A  UM23 
and  pXOl  from  fl,  anthracis  Sterne  (USAMRIID) 


Ba/nHi  fragments  (kb)  from^ 

SamHI-Sa/l  fragment  (kb)  from® 

pXOI.1 

(Weybridge  A  UM23) 

pXOI 

(Sterne) 

pXOI.1 

(Weybridge  A  UM23) 

pXOI 

(Sterne) 

38.7 

38.7 

34.8 

34.8 

32 

32 

29 

26.2 

26.2 

26.2 

26.2 

26,2 

19.9 

19.9 

19.5 

19.5 

14.6 

13.9 

13.9 

13.9 

13.9 

13.9 

13.9 

11.S 

7.7 

7.7 

7.7 

7.7 

7.4 

7.4 

7.4 

7.4 

7.1 

7.1 

7.1 

7.1 

6.6 

6.6 

6.6 

6.6 

6.0 

6.0 

6.0 

6.0 

6j0 

§£ 

3.9 

3.9 

3.9 

3.9 

M 

2J 

®  The  fragments  shown  in  boldface  represent  differences  observed  in  the  restriction  profiles  of 
pXOI.1  (Weybridge  A  UM23)  and  pXOI  (Sterne).  The  underlined  fragments  are  the  fiamHI 
restriction  fragments  of  the  plasmids  from  Weybridge  A  UM23  and  Sterne  (USAMRIID)  that 
contain  Sa/I  restriction  sites  and  the  resulting  SamHI-Sa/l  restriction  fragments  of  each  plasmid. 
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TABLE  15.  HcoRI  restriction  fragments  altered  by  ln917  insertion  within  pX02 
from  B.  anthracis  4229  UM12  insertion  mutants 


EcoRI  fragments  (kb)^ 

Origin  of  plasmid** 

Altered® 

New®* 

“  Phenotype® 

tpl 

9.8 

15.4 

cap®-*- 

tp3 

6.3 

11.9 

Cap®-*" 

tp4 

6.3 

11.9 

Cap®-*- 

tp6 

- 

7.8 

Cap- 

tp7 

2.2 

6.3 

Cap* 

tpio 

4.6 

10.2 

Cap®-^ 

tpll 

9.8 

15.4 

Cap®-*- 

tp17 

7.8 

13.4 

Cap®-*- 

tp18 

7.8 

13.4 

Cap- 

tp20 

7.8 

13.4 

Cap* 

tp21 

6.3 

11.9 

Cap* 

tp22 

4.2 

9.8 

Cap* 

tp24 

6.3 

11.9 

Cap®-*- 

tp24-17 

- 

7.8.  2.7 

Cap®- 

tp30 

7.5 

13.1 

Cap®-*- 

tp38 

- 

10.5 

Cap* 

tp40 

2.2 

5.7 

Cap* 

tp49 

6.3 

8.2 

Cap®-*--*- 

tp58 

6.3 

11.9 

Cap®-*- 

tp59 

5.8 

11.4 

Cap®-*- 

tp60 

6.3 

8.2 

Cap®-*--*- 

^  Insertion  mutants  whose  parent  strain  is  B.  anthracis  4229  UM12. 

”  The  restrictbn  fragments  are  reported  as  approximate  sizes. 

®  the  altered  fragment  is  unknown  since  these  insertion  mutants  are  deletants  and  more  than  one 
fragment  is  missing  from  the  Tn977-tagged  plasmids. 

°  These  new  fragments,  except  the  2.7-kb  fragment  from  tp24-17,  have  been  shown  by  DNA-DNA 
hybridizations  to  contain  Tn9f7. 

®  Cap®'^,  capsule  production  in  presence  of  COg  and  bicarbonate;  Cap®"^,  capsule  production  in  air; 
Cap’,  inability  to  produce  capsules;  Cap®'*"*’,  overproduction  of  capsular  material;  Cap®-,  see  text 
for  phenotype  of  this  mutant. 
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TABLE  16.  H/ndlll  restriction  fragments  altered  by  Tn977  insertion  in  pX02 
from  B.  an^mcis  4229  UM12  insertion  mutants 


H/ndlll  fragments  (kb)^ 

Phenotype® 

Origin  of  plasmid® 

Altered® 

New^ 

tp3 

13 

8.9,  7.8.  1.3 

Cap®"^ 

tp4 

13 

9.5,  6.8,  1.3 

Cap®'*' 

tp6 

- 

10.2,  3,2.  1.3 

Cap" 

tp7 

6.6 

6.9.  3.1,  1.3 

Cap' 

tpIO 

3.4 

4.6,  2.5.  1.3 

Cap®+ 

tpll 

9.2 

5.8,  5.6.  1.3 

Cap®+ 

tp17 

4.05 

6.6,  1.5.  1.3 

Cap®-^ 

tp18 

2.8 

3.6,  3.2.  1.3 

Cap" 

tp20 

2.8 

3.6,  3.2.  1.3 

Cap' 

tp21 

13 

10.5,  6.5,  1.3 

Cap' 

tp22 

1.5 

4,3,  1.3,  1.15 

Cap’ 

tp24-17 

- 

7.5,  1.7,  1.3 

Cap®* 

tp30 

3.3 

3.9,  3.4.  1.3 

Cap®'*' 

tp38 

' 

6.7.  6.5,  1.3 

Cap' 

tp40 

0.8 

3.3.  1.5,  1.3 

Cap* 

tp49 

13 

8.8,  4.4,  1,3 

Cap®-*"*- 

tpSB 

13 

8.7,  8.5,  1.3 

Cap®'*’ 

tp59 

1.3 

3.7,  1.6,  1.3 

Cap®'*’ 

tp60 

13 

8.8,  4.4.  1.3 

Cap®'*"*' 

®  Insertion  mutants  whose  parent  strain  is  B.  anthracis  4229  UM12. 

“  The  restriction  fragments  are  reported  as  approximate  sizes. 

®  the  altered  fragment  is  unknown  since  these  insertion  mutants  are  deietants  and  more  than  one 
fragment  is  missing  from  the  Tn977-tagged  plasmids. 

®  These  new  fragments  have  been  shown  by  DNA-DNA  hybridizations  to  contain  Tn917. 

®  Cap^*^,  capsule  production  in  presence  of  CO2  and  bicarbonate;  Cap®'*',  capsule  production  in 
presence  of  air;  Cap',  inability  to  produce  capsules;  Cap^'*”*',  overproduction  of  capsular  material; 
Cap*^“,  see  text  for  description  of  this  mutant. 
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TABLE  17.  C/al  restriction  fragments  altered  by  Tn917  insertbn  within  pX02  from 
B.  anthracis  4229  UM12  insertion  mutants 


Origin  of  piasmb® 

C/al  fragments  (kb)^ 

Phenotype® 

Altered® 

New®* 

tpl 

18 

17,  2.1*,  1.5*.  1.1* 

Cap®-*- 

tp3 

10.5 

7.9,  2.7,  2.1*,  1.5*,  1.1* 

Cap®-*- 

tp4 

10.5 

7.8,  2.8,  2.1*,  1.5*,  1.1* 

Cap®-*- 

tp6 

> 

22.  3.8,  2.1*,  1.5*,  1.1* 

Cap" 

tp7 

2.6 

2.1*  1.5M.1* 

Cap" 

tpIO 

25 

15.  11,  2.1*,  1.5*.  1.1* 

Cap®-*- 

tpll 

18 

7.8,  8.0,  2.1*,  1.5*,  1.1* 

Cap®-*- 

tpl  7 

14 

7.8,  6.2,  2.1*,  1.5*,  1.1* 

Cap®-*- 

tpl  8 

14 

a.5,  5.5,  2.1*,  1.5*,  1.1* 

Cap" 

tp20 

14 

8.5,  5.5,  2.1*,  1.5*.  1.1* 

Cap' 

tp21 

10.5 

9.5,  2.1*.  1-5*.  1.1* 

Cap' 

tp22 

10.5 

9.8,  2.1*,  1.5*.  1.1*,  0.8 

Cap' 

tp24-17 

- 

5.2.  2.1*.  1.5*.  1.1*,  0.6 

Cap®” 

tp30 

25 

22,  3.4,  2.1*.  1.5*,  1.1* 

Cap®-^ 

tp38 

• 

2.8,  2.1*,  1.5*,  1.3,  1.1* 

Cap" 

tp40 

1.5 

2.1*.  1.5*.  1.2,  1.1* 

Cap" 

tp49 

10.5 

7.8,  2.1*,  1.5*,  1.1* 

Cap®-*"*- 

tp58 

10.5 

9.2,  2.1*.  1.5*,  1.1* 

Cap®-*- 

tp59 

6.2 

6.  2.1*.  1.5*,  1.1* 

Cap®-*- 

tp60 

10.5 

7.8,  2.1*,  1.5*,  1.1* 

Cap®-*"*- 

a  Insertbn  mutants  whose  parent  strain  is  8.  anthracis  4229  UM12. 

^  The  restrictbn  fragments  are  reported  as  approximate  sizes. 

^  the  altered  fragment  is  unknown  since  these  insertion  mutants  are  deletants  and  more  than  one 
fragment  is  missing  from  the  Tn9t7-tagged  plasmids. 

*,  these  new  fragments  have  been  shown  by  DNA-DNA  hybrbizations  to  contain  Tn977. 

®  Cap®"^,  capsule  productbn  in  presence  of  COg  and  bicarbonate;  Cap®'*',  capsule  productbn  in 
presence  of  air;  Cap',  inability  to  produce  capsules;  Cap^’*”^,  overproduction  of  capsular  material; 
Cap°~,  see  text  for  description  of  this  mutant. 
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TABLE  18.  Location  of  the  capsule  structural  genes  in  pX02 


Probe® 

Hybridizatfon  to  fragments  (kb)*^ 

Xbal 

H/ndlll 

C/al 

2.S-kb  Xbal  fragment 
from  pUBCAPi 

2.5 

6.6,  4.2,  0.8 

2.6,  1.5 

3.8-kb  Xbal  fragment 
from  pUBCAPi 

3.8 

4.2 

5.2 

®  The  3.8-kb  and  2.5*kb  Xbal  fragments  from  pUBCAPI  contain  the  cap  structural  genes.  These 
fragments  were  labelled  with  digoxygenin-labelled  dUTP  and  used  as  probes  in  DNA-DNA 
hybridizations  with  digested  pX02. 

^  The  sizes  of  fragments  were  estimated.  Plasmid  DNA  from  wild-type  strains  TE702,  4229UM12  and 
6602  was  digested  with  Xbal,  H/ndlll,  or  C/al.  All  strains  showed  the  same  restriction  profile  and 
hybridization  occurred  to  the  same  fragments  in  every  case. 
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TABLE  19.  Origin  of  fragments  In  the  deletion  derivative  carried  by  tp24-17 


Probe® 

Hybridization  to  fragments  (kb)^ 

EcoRI 

H/ndlll 

Xbal 

7.8-kb  BcoRI  fragment 

from  tp24-17 

6.3,  4.2 

13 

8.2 

2.7-kb  EcoRI  fragment 

2.7 

13 

8.5 

from  tp24-l7 

a  The  7.8-kb  and  2.7-kb  EcoRI  fragments  from  tp24'l7  were  labeled  with  digoxigenin-labelled  dl/TP 
and  used  as  probes  in  DNA-ONA  hybridizations  with  digested  pX02. 

^  Plasmid  DMA  from  strains  wild-type  strains  TE702.  4229UM12  and  6602  was  digested  with  EcoRI, 
HindiW,  or  Xbal.  Ail  strains  showed  the  same  restriction  profile  and  hybridization  occurred  to  the 
same  fragments  in  every  case. 
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TABLE  20.  Glutamyl  po^/pepticle  synthesis  by  Bacillus  anthracis  4229  UM12 
and  insertion  mutants  tp49.  tp50  and  tp60^ 


Strain 

Peptide  as  glutamic  acid 

at  24  hrs 

mg/mg  cell  dry  weight 

at  48  hrs 

mg/mg  cell  dry  weight 

4229  UM12 

0.14 

0.15 

tp49 

0.25 

0.26 

tp50 

0.22 

0.26 

tp60 

0.26 

0.24 

®  Cells  were  grown  on  membranes  placed  on  minimal  IIIB-HCO3  medium. 


lA 


FIG.  1 .  Location  of  Tn97  7 insertions  on  the  BamHI  restriction  map 
of  pXOI  .1  (Weybridge  A  UM23).  The  insertion  mutants  are 
designated  as  1A  to  72.  The  site  of  insertion  of  Tn977is  shown  by 
the  arrow  next  to  the  insertion  mutant  number.  Deletions  are 
shown  by  a  dotted  line.  Mutants  with  no  phenotypic  designations 
exhibit  plasmid-associated  phenotypes  similar  to  those  observed 
for  the  parent  strain.  PL’,  ability  of  bacteriophage  CP-51  to  form 
plaques  on  tp28:  PA,  protective  antigen;  LF,  lethal  factor;  £F, 
edema  factor;  ”,  overproduction:  production  of  toxin 
components  In  the  presence  and  absence  of  added  bicarbonate. 
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tp29,  tp32 


1p62  tp36 


A27kb 


tp39 


SamHI  (kb) 
Psn  (kb) 


FtQ.  2.  Restriction  map  of  pXOI  .1  (Weybrkjge  A  UM23)  toxin-encoding  region  showing  the 
location  and  orientation  of  Tn9f  7  within  the  tagged  plasmids  from  various  insertion  mutants.  The 
location  and  direction  of  transcription  of  the  toxin  structural  genes  are  Indicated  by  the  solid 
arrows.  The  open  triangles  show  the  site  of  insertion  of  Tn9J7on  pXOl.l  from  the  insertion 
mutants  listed  above  or  below  the  triangles.  The  question  mark  next  to  tp27  indicates  that  Tn917 
insertion  was  localized  to  one  of  two  regions  within  the  13.9-kb  BamHI  fragment.  The  open 
arrows  show  the  orientation  of  Tn9f  7with  reference  to  that  shown  In  the  box.  The  deletions  in 
the  plasmids  from  tp21  and  tp39  are  shown  by  a  dotted  line.  S.  Sa/I  restriction  site. 
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FIG.  3.  Subcloning  strategy  of  the  9.3  kb  Psfl  fragment  of  pXOI  .1 .  The  4.2-kb 
Psfl'H/ndlll  fragment  contains  the  putative  negative  regulator  of  toxin  synthesis. 
The  arrow  indicates  the  site  of  insertion  of  Tn97  7in  pXOI.1  from  tp62.  One  end 
of  the  inverted  segment  of  the  toxin-encoding  region  of  pXOI  .1  Is  located  either 
on  the  2.3-kb  or  the  2.5-kb  EcoRI  fragment.  The  fragments  located  below  the 
9.3-kb  insert  indicate  those  that  will  be  subcloned.  E,  EcoRI;  H,  H/ndlll;  P,  Psfl; 
and  S,  Ssfl.  EISJ,  pBluescriptllKS+;  9.3-kb  Psfl  fragment  of  pXOI  .1 . 


Sterne  (Robertson) 


Wey bridge  A  UM23  (Thorne) 


FIG.  4.  Comparison  of  SamHI  restriction  maps  of  the  toxin  plasmids.  The 
map  of  pX01  (Robertson)  was  constructed  by  Robertson  ef  al.  The  map  of 
pXOI  .1  from  Weybridge  A  UM23  was  constructed  based  on  data  obtained 
from  restriction  analysis  of  pXOl.l ,  pXOI  .1  ::Tn 9 derivatives,  and  deletion 
derivatives.  The  toxin-encoding  region  of  pXOI  (Robertson)  and  pX01 .1 
(Weybridge  A  UM23)  is  designated  as  being  in  the  a  or  |3  orientations, 
respectively.  S,  Sail  restriction  sites. 
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FIG.  5.  Comparison  of  restriction  maps  of  pXOI  toxin-encoding  region.  A  77-kb 
region  of  pX01  encompassing  the  toxin  structural  genes  is  shown.  Differences  in 
restriction  patterns  of  pXOI  from  Sterne  (USAMRIID)  and  pX01 .1  from  Weybridge  A 
UM23  are  shown.  The  fragments  shown  with  diagonal  lines  contain  the  ends  of  the 
Inverted  segment.  These  fragments  were  isolated  and  used  in  DNA-DNA 
hybridization  analysis  of  the  inversion.  The  region  of  pXOI  inverted  represents 
approx.  40  kb. 
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FIG.  6.  Restriction  map  of  pX02.  The  locations  of  Tn9f  7 
Insertions  are  indicated  by  the  arrows.  Insertion  mutants  that 
exhibit  the  parental  phenotype  are  not  labeled  with  phenotypic 
designations.  Deletions  are  indicated  by  dotted  lines.  Cap*, 
inability  to  produce  capsule;  Cap*\  COa-independent  for  capsule 
production;  Cap®**,  overproduction  of  capsular  material  in  CO2. 
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